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ABSTRACT 


Thws "study was motivated sby ‘the attention being given 
Dywetaget and others to thewrele iof- conservation tasks in 
mMencalvdeveliopment. and amy the school=curriculum. The purposes 
ef the present .study were: @(l) *to measure leneth conservation 
by susingua verbally eudynon- verbal test of feonservation,»(2) to 
Compare the verbak and vicon-Vverbal results as predictors of 
mathematics achievement. 

One “hundred grade. one “children from four different 
schools were given a mathematics achievement test and an 
imgecwiaicence. tes Gee One thallGvor the sample; was ei ventasmon- 
verogle COnserVauron tésit. Thervother halt ofthe usample.was 
Civiemmaaverbaletconservatnion, test. [he variables of socio- 
Sconomicestatuss sage, sandysex were also included in the situdy. 

Sigmiticamt correlations were “iound between mathematics 
achievement and verbal conservation scores, non-verbal conser- 
VAtrOMESCOLeSmandsin te lili gence (scores. ; 

When the etfects of intelligence: were controlled for 
theme. didimot remainva signiticantscorrelation between mathe- 
Ma cresmachhevement sandinon-verbal*conservation. ? There ‘existed 
a Significant correlation between mathematics achievement and 
intelligence before and after the effects of non-verbal 
conservation were taken into consideration. 

The major purpose. of the present study was: to compare 


the results from the verbal and non-verbal tests as predictors 
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of Mathematics achievement LNG yiian partial correlation 

pmaoeccdure it was, found that a Siponiticant correlation existed 
between mathematics achievement and verbal conservation before 
and after intelligence was partialled out., However, there was 
NOt a@-Sienificant correlation between mathematics achievement 
and intelligence when verbal conservation scores were controlled 
£OG, 

The yabove: tindings. indicated that verbal conservation 
ScO@hes satCuslpemLOr, tOmnonVvetTbal and intelligence sceres as 
preductors, Of Mathematics achievement. 

Iiemrestlhesmindleatedwthatya non-verbal, Jensth, conser- 
Maton test enabled move grade one children to express therr 
Knowledge Of Conservation than-did the verbal length conser- 
Vatiom ES t. 

AeSi cider ioean t COrne Patton, existed betweenm.sex and* verbal 
Conservation. sl heymeans score of the girls, om the verbal conser- 
Wation test Wasusieniiicantly higher than that obtained by the 
boys in. the study. 

Nowsaeniricant relationships existed between mathematics 
achievement and sex, and non-verbal conservation and sex. It 
Was found, that there was mo significant correlation between 
Matheniatres achievement and: socio-economic: status. 

Ine tsstudy concluded with several implications for 


education and some suggestions for further research. 
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CHAPTERGH] 
INTRODUCTION AND STATEMENT OF THE PROBLEM 


A continuous quantity such as length or volume 
Can omlyebe USsecdmin redconang Afeit. 1S) a permanent 
whole [hirrespective tof sthemposs ble earran gément Yof 
tes Warts .2.. Inyeacn and every: case the conser- 
vation Cof tsomething tis tpostulated tas taitiecésis ary. 
condition for any mathematical understanding 
(Piagen.g WosSaadpponss4)2 
Obviously, conservation, which is a necessary 
Condition OnmaliNexperrence and all reasoning, by 
momméans iexiidusts tthe representation lof ore ality 40r 
eiendyianicimor sthesincelilectual process ...°. Our 
GConventiomtist merely ithapnceniSe rvavren vera 
NeceScatvercondit1on, 1.00 all rational activity 
EPiagetph DaAe4 Pep Les): 
It is ‘obvious ‘that*Piaget ‘attaches great importance 
to the acquisition of the concept of conservation. This 
importance Oils Okurthereemphasized by the findings. of a number 
of researeli*proyects. + Piléderey *(1964) <foundvthatschildren's 
ability to conserve on substance and number was significantly 
related to their performance in some musical tasks. A 
Similar relationship was found in art by Lansing (1966) and 
in reading comprehension by Rawson (1965). Almy (1966) 
founidethat tite Cabi lity Otoicowserve twasiarelated to general 
sichiool AAGHiEeVement. 
Various methods have been used to measure or gauge 
conservation in young children. The impetus has been provided 
by Piaget who has done extensive study by using verbal methods 


bails f6experinen ts < bine vhassfoundsthats 75oper- centvot his 


Subjects between seven andveight years of age can be 
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classitiednas) Consemverspotisengthicakbkinds(a960)s Lovell 
et al.. (1962), Murray, (1965) and Smedsilund: (1963) have 
repontemisima laradinidingst 

Braine (1959) and Sawada (1966), who attempted non- 
verbal methods of. measuring, length conservation, . found the 
age levéelle of conse mations totbéer betweengtourdand. six years. 

Using verbal conservation tests based mainly on 
Paavetis works is¢udiesri(Podmed Ino Sod seh Hoodse 1962 sc Overhodt, 
1Podeovd myssdfoone Sitetides 1:9 6605t Reamer,id968; Cathcarts i a9 09) 
have investigated the relationship between various aspects of 
conservation and achievement in mathematics. These studies 
haves Wilby thé exceptionoofoOverholt, foundaa.sagnafilcant and 
positive relationship between mathematics achievement and 
conservation of substance. 

phereTeemainspditieleymoubt thatwconservations is 
related to school achievement in general and to mathematics 
achievement\in particular. sHowever, even if; a. child.is 
classified as a non-conserver by a verbal length conservation 
tes te thisemayebel inadequaitedevidencesthat theachiddshascnot 
developed the concept of length. Perhaps a non-verbal test 
woulde haves yideldedadifferent resultsse;The findings: mentioned 
earlier indicate thatthesresults, may be affected by) the 
depres Pa verbalivzatronein stestingeprocedures used) in 
measuring conservation. «Braine;sin criticizing Piaget, 
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It would seem to be intrinsically impossible 
to study how a concept develops with methods 
which employ verbal »cues, ‘to ,evoke,the «concept. 
Org: the chilasundetstands- the verbal cue, 
he must alreadjaphaye the kconcept -(1962, p. 46). 
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The purpose fotcthis study wasetwo-fold: 

(1) To measure length «conservation :in»grade jone 
children by usingsarverbal.andsnon-verbal test of conservation. 
Previous researchers have investigated length conservation in 
either a verbal or non-verbal way, but have not attempted to 
compare the resul tsitofsbothsmethodsvcaspmeasurimg:devices of 
acquisition of )thapedn cep tootolbemeth. lehtmiassh oped uthat 
this investigation would provide information regarding those 
measuring techniques. 

(2) To, comparebtlie tverbahdand.mon-verbal results as 
predictors of mathematics achievement. Research has provided 
ample evidence thatsthere is a significant relationship 
between conservation and achievement in mathematics. There 
has not been much: research devoted, to the relative efficacy 
of the results of different methods of measuring conservation 


as predictors of mathematics achievement. 
Po Med ORG AY OL EOE S 


(1). There eps ceoistonificant relationship between 
the ability to conserve length as measured by: 


(a) anon-verbal conservation test and 
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achievement in mathematics; 

(b) a verbal conservation test and achieve- 
ment in mathematics; 

(¢c) eaiion=verball Sconsicirvdation test-and achieve- 
Hen tain mathematics: Jicgoenrtroll trawhon tive 
Cmimec Us) O fwd miter hecemce; 

(d) a verbal conservation test and achieve- 
hent in mathematics, *controlling for the 
efiects (Or vinte Lirgence,. 

(2) There is no significant relationship between: 

(a) mathematics achievement and sex; 

(b)e° aba lity torconserve length ast: measured by 
a non-verbal test and sex; 

(c) ability to conserve length as measured by 
a verbal test and sex; 

(d) mathematics achievement and socio-economic 
Sia use 

(39n ~Tihewei arst nior Simnasiicantm re lati onshipi between: 

(a)o rcther abilzty ‘tot conserve ‘lengthi‘as measured 
by a non-verbal conservation test and 
Lnateshil a wemc e% 

(b)nt thesrabadaty= tor conserve! dength as! measured 
bysratwerb adm consery ation) pesits andra nitel1i- 
gence; 

(c)rtachiewement! ins mathematitcsiand intelligence, 


controlling for the effects of non-verbal 
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conservation scores; 

(d) achievement in mathematics and intelligence, 
controlling for the effects: of verbal 
conservation scores. 

(4) There is.no significant difference between the 
mean Score) ‘on. thesmon- verbal ength® conservation 


testt_tand® on thet tverbalt length conser vaty oni rtesit. 
ie ET INT TONS 


Mathematics’ Achievemente «The ‘subj ect'sisscores: on «the 
acHiLewement ttresst edesapned Efommbh is vsitudy?. 

Injcedia gencerin The? subyectistiscoresoni ithe Lorge- 
inowunaike , flimceiiiwence: Test. Leveirl. 

Stave. Aecondition or contiguration Of,an. object 
exhibited as a certain magnitude of length. 

Transformation.. Ani operation of changing an object 


or objeictis, from sone) stater into: sanothems tater, 


Non-Invariant Transformation. Any transformation under 
whatcha /gilven proper tyasdoe'ss inet] réemdininvarvant. waln-this 


study a non-invariant transformation is any transformation 
which ‘changes.the magnitude of.the length of an object. 

Invariant Transformation. Any transformation under 
which a given property of an object or objects remains 
invariant.’ It-is a transformation which conserves ‘the 
phisa calkepyopertiotor prope rtuésvibe img studies. 


Conse nve Fi Any isubjectt whormesponded trcorrectily to 
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Sevemteemnor smorecitems’s0utmof ea ttotal sofictwenty 2afoursitems 
on the. conservation tests. se(Usang ithe binomial distribution 
as ia model this is significantly better than chance at. the 
.O1 level.) 

Rotation. A transformation involving the angular 
displacement of an object about a self-contained origin. 

Evans labloma’ tgtnanstormiatiousinyolvimgtthe: hrmear 
dps Laicememhso® Gan sobiect wi theut zeta bron . 

rams uekuney., bokefersiito theelogiica lin wfienemce htita thrf 
Hels eeeater dtitamsh andcB pis greatexrchhan Gasthemeddrs) greater 
than Gy, (4in) thiskstudybA, BonamdyGtwphl trefexhto wthelihengths 


G¢hetheiechjoots nusedaim the iconsérvatiion ite sts: 
IV. LIMITATIONS 


Dieter ucweinomtne datavorethisastudywethestol lowing 
lInmitations sshoulidgbesbiorme gue mind: 

(b)eoThe sample for the study was selected froma 
population of grade one children in the Edmonton Public School 
System, Alberta. It was assumed that this sample was 
representative of urban children around the age of six years 
Six months. 

(2) Any attempt to compare methods of measuring the 
acquisition of the length concept»in children beyond the 
grade one or grade two level would be futile since they 
would likely be conservers on both the verbal and non-verbal 
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achievement and conservation tests is sought in grades 
beyond grade one, then conservation tasks involving 
actawatdes{ others thang thé: dength: dimension] shouddabehused. 
Hence, any relationship which was found between achievement 
and lengthaconsemvationswWiddlyappdyratemost tonittherpartacular 
ager group, ofpthe study, 

(3) The instrument used to test mathematics achieve- 
ment,wasS-constructed)byathes investigator. The»validiitty of 
the test is unknown but efforts were made to ensure that the 
test measured those concepts for which it was intended. 

(4) In the verbal conservation test the wording of 
thekques taonshmayahavenwariedisda shtdygan. reaction to the 


subjects' responses. This was controlled as much as possible. 
V. SIGNIFICANCE 


bt wastindicatedsinythenantroductientthate conservataon 
and; achievementgaréceimportant factorssinhalschoolteducation. 
Althoughsthereeareedecréeesyeteditiferences in’ the findings of 
many studies that have been done, it appears, as Almy (1966) 
Suggests, that this area is deserving of even greater emphasis 
than it has received in the past. The method of measuring 
Seneeptsamust be furthertinvestigated. ~Braine (1959) .and 
Sawada (1966) suggest the importance of measuring techniques. 

This study was concerned with the methods of measuring 
the concept of length and its relationship to mathematics 


achievement. -A knowledge: of) this» relationship should be of 
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some assistance to teachers in diagnosing the stage of 
development which the child has reached and thereby help 
in“suggesting ‘the typeof: activities in which he might 
Morey Dele: i clally engage, 

Reimer (1968) used various types of conservation 
tasks’ -ainumbergwyaquantity? anrdtiength, ‘He found ies ieni - 
ficant differen ceebetween atheuvarious etypes votmconservation 
as predictorspotamathematics achiévementy (eOnly Length 
conservation was used in the present study. However, 
Retmerss OfindingenakesMitupossibleete penéralize ithe afind- 
ings toLethis Study Utorinc fudetabhetypes cofnconséertati on 
tasks in which grade one children engage. 

The significance, of* this study: may be summarized: as 
follows: 

(1) Conservation plays a very important role in 
educat#on tloltsragytheréeforej)nnecessarycthatna*technique be 
available to measure concepts in young children at as early 
ansagenasothe reoncéeptelistprésents 

(2) The relationship between verbal and non-verbal 
methods gas°méasuring\ techniques andthéirvrélative effrcacy 
as predictors of mathematics achievement need to be further 
investigated. 

06) tThat theremarée spéecifrocstapes hin tuhildndevelbop< 
ment in which conservation of various concepts take place 
has #obvViiéusMimp licatrons WEore curriculamosequence is efor 


example, instruction in the length*concept before the child 
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has acquired conservation of that concept, may cause the 
child to™'acquire* a verbal? fiuencyewhich-masks-a 


concept ual@de féectUi(mMiurray?’ 1065, pomresy 


View PLE EXPER EMENTAL SETTING 


Me tolhowiie¥iss an overview” ofathéxexperimental 
design? MAtmoréesdetaghed@accbuntvis*reportedsim*Chapter III. 

The population from which the sample was drawn con- 
SYUStSd-GfothesStotaldigradé one *Venroliments4%o£+four’elementary 
Senoewswor ethe sedmonconyPublice School System. .The.sample 
consisted of one hundred grade one children selected from 
this population. The sample was randomly divided into two 
groups. 

ACn on=Ve Thalh téstSOLi Cons trvatignPotolengsth, con- 
structed by Sawada (1966) and revised by the investigator 
arterta piloteestudy,awasvadministeréedstoseach-subyeéttlin one 
group on an individual basis. This followed a training 
session to permit subjects to become familiar with the 
apparatus used in the non-verbal test. Following a short 
traimimonsession, a vwerbaletest oficonservation of, length, 
was administered individually to each subject. in the other 
group. The items on this test corresponded to those on the 
non-verbal test. -The main difference in the two conservation 
testsewas that the non-verbal test used a three-way response 
apparatus and calipers, whereas the verbal test used verbal 


Instructions and) requirediverbal sresponses »byythessubjects. 
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In both tests all itemsjwerepdesigned to measure corres- 
pondine Mathematical concepts... The ‘total sample was 
administered an achievement test, constructed by the 
investigator (Appendix A), and the Lorge-Thorndike 
in teh? sence, oles.t,y +Level 1h. 

The main analysis consisted of an examination of 
the two methods, verbal and non-verbal, as gauging 
dimens..ens- .of alength conservation, ,and ga scompiarison.of the 


two methods as predictors of mathematics achievement. 


Vite VOUTDINE? OF REPORT 


AtTEVaiew nob Tene: relevant. literature will be 
presentedhin Chapter) Li. (GhaptergL Ll contains jagdetaLled 
account ofgexperimental design, testing procedures, and 
tiewroscanrchspnocedures usedsetoutest pthechypotheses....The 
RESuULtCs,OLathepdatauanmalysas -isscontained in Chapter IV. 
The finalychapterny Ghapter Vecimeludesacsummary and 
dvscussien jof .the.findings , wand-contains,.-some «implications 


fon education jand-furtheryreseaxrch. 
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GHAPTER. [4 
REVVEWS Or RELATED, LITERATURE 


THEADUTPOSe Ota t hls Chapietsi Sto. discuss; briefly 
Piaget's experiments. on, length, conservation: and, to,summarize 
Other te léevant+s fudies mune thisuareaste In-additionp,ianves tic 
gations .into the,srelationship+between-consenvation-and 
mathematical achievement are summarized and discussed. 

Various conservation tasks have been extensively 
observed.by, Piaget. and)his u.collaborators,ateGenevasnynAemost 
detarJed accountpofrthe conservation of lengthnis orepanted 
imwouageteanayinhe kders (i950) , 

Other researchers (Almy,, .1966} «Murray , «1965; -Lovell 
Cheats el9625 eGhick sand Wapmeryo5h2O8iecklkind, L961; wWelacy, 
1967) have attempted replication of Piaget's experiments 
Ustioave tbal tests similar» to Paagét's. 

A number .of.researchers have investigated conservation 
of length in a.less, ywerbalpnay: thanp,Ruaget. --Semeiofathese 
areal Lace, +196 ie sWohlwakd, .496.8s .smeds.lund,. 19.6.1 5 619-63; 
Shive rMan se teal, 7908). eMunnay. 1968 , obo 705. Baines) k959 3 


and Sawada, 1966. 
Pee recuN OUro -Ob* MEASURING LENGTH CONSERVATION 


Verbal 
The main .concer..of -Piaget,+G19,60)), was: ¢to0asses s; cthe 


child's ability to conserve, measure, and otherwise take into 
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PeceUluecluleles. I Lke distance, Leneth, “area and volume’, 
AS amOVeTWLEW Of Flapet s Study ito. the-concept "or length, 
CWOCeEXPeTIMNGILS are commemtcad upor pire ly 

Int one experiment a ‘child was rpresen ted wi th *a 
Stlatchie stick aid al Undulating strip “OL plasei1 cine Yt“ Thé 
stick and plasticine, whose end points were coterminous, were 
placed a tew millimeters apart. “The*chald was*askéed 
questions aS’ to the relative"lensths of the. objécts before 
and, after various, transformations. "Approximately * 80 per 
Cenvor- tie Ciridren four and one-naii years and younger 
Pave wMiecOrrec. Yepites, whercas onny £0, per ’cent or those 
Oidem tial tive and one -halt -opgve=mmcorrece replies. ~ Piaget 
concludes "thats the non=conservers e€stimated- léngth.only in 
Cemiee oO. TLS chu poOtlis, Wie CONnservers ., 1lOWweVer, swere 
aWate. Ot the Intervals OT se pmentsewniith 126 between ‘the 
Sxtwemi cies. 

In another experiment,’ subjects*were shown two sticks 
OL mrocnticadl ener mirc tnearecrtrematies coterminous, ~All 
agreed tniat tne Sticks were orecoual-ienetn: +e One! of the 
sticks was moved forward one or’ two'centimeters’ and the child 
Was’ asked If they~ were strli°athe same*leneth?? *The-non- 
conserver maintained that the stick which was moved forward 
Was longer, inditatinyg ‘thathe was’ thinking ‘on lyin terms® of 
the further extremitres. “Ther responses ‘given by others 
indicated “that “they were in a trans rtidnal stage ‘and *s tld 


others regarded conservation as a natural and logical 
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neces s Litys. 

Piaget ass eruss tirat- radlure: to ‘conserve Ttenpth “ts 
of ten ‘connected with’ a Hack of attention’ to ‘empty sites> and 
change’ of spatial position. In examples ‘dealing with 
privi legged: stepments and tthe’ mimberMot elements, fawlhitre sto 
Conserve nay’ arise trom faulty Subdivision.) ni such cases 
overage lene thaas “determined by thei Ken ethvof at singe 
Seemenw or bys the number of segments in the line. 

NO “Unset -"ehasld "S°S"s'‘chéenata’? 152 Stauctured so as to 
overcome ‘theseide fi clencies wi hohe bes ‘a ‘conserver ‘of length. 
Piaget s4 fanrdin ps? stores? this+ystape to be’ laround seven years 
oF age Por the? Ss ubye tsp Gh’ Hise study 

In every case, subdivision on the one hand 

anasorder sand cnange Of position son. the other 
are-not Symthesaved and are’ reia tacvedsp tindiyffer - 
eielabed, | It rs this wilack of coordination 
between its two fundamental aspects which 
PeCOUltCS shOL Hes nOn-CONnsSerVvation On. ‘a 
qQualivtatsverBinear seraelss (Pay et, «LONE A ps CMa, 

The following points ave Noted hn connection wath 
Piaget's work on length conservation. 

(1) “The 'aecount -of (Praiget's: observations is highly 
theoretical with no indication of the differences among his 
subjects other than age .-') Piaget s( 1964) "has! noted? ‘that! age 
does not form a rigid division of various stages of develop- 
mere. \Y Sa hits: relative te the Sigciety" ite which one? is) work 
ino’ p86 1)" PRP Piaget had iventinore! information’ ‘on! Ms 


subjects, for example, I.Q., it may have ‘been possible’ to 


make ‘further generalizations’ from his’ ‘studies’. 
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(2) The highly verbal nature,of Piaget's interviews 
withjhsus dsubjeetsemakes prt ydt Plicubtatohdetermine ithe vcues 
to which the children responded when they reacted to his 
quessionsen Lt esenuncertaingwhether the subjects, responded 
to an adUktameaningeofcwordsesuch ase’ dongen'ps’slonter', 
or the meaning of the words as understood by children of 
that age. It may be that the medium of communication was 
inappropriate. 

Many researchers, mostly psychologists, have 
neplecatedghnage fisies Ludizesipef jCdnseYrvation iandnhave 
Ssuppeetedotvemercsults, to analysis... It appears: that they 
are convinced of the rmpontance saoftconsenvation ttoneducation 
andervesiampbhidatiionssforachildrdevelopment:. 

somesinvestrgators shave «tried itotapproxrmatésPhaget's 
method while others have applied new testing methods as a 
guagesioneieasuuingethe jacquistperen offelength o¢onsiervation. 

David Elkind, a noted American psychologist, has done 
extensive »work, in |systematic, replications \of experiments 
eoraginaliy tperforméedaby (JeamdPhacet; 

ire opunposé lot ibhkind*sr€holajestudy Was the replicate 
Piaget's |experiments.«on,children's understanding |of.length 
Goncéep ESieandsotherbtoums cofiametricahogeomet ny. nolndanother 
study ((Elkind; 1961b),,soneshundredijand seventy-five echildren 
were lasked tospredict;ajudge sand,explain-theeconservation of 
mass, weight and volume in a testing procedure resembling 


beat of Paaget’s. In both these studies the results» were in 
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close dyrmeememiiwith Paageibisi ckindin gsf ithatts success 
developed im threeiage-rellated,) haerarchically-ordered 
stages. The threshold of length conservation was found 
io mies seven ilove Dolvtry cams ciotare:. 

El kniydihGhoothedy ica tegonmuvedrat hier iresiponsiesrioxt Ione 
humidired®> cha lidnent,, betweenrithel tages vom iiieve tandxeneht years, 
accomdumusitoe Pivape:tatse sitta cese int tehrestde well opmemti of thie 
abHUusiiiyn .t osrin cludeuiclassesceddtes found) itive tt 150 spetri centt of 
hie tleec daisy cate roup diemel rattersctaige cit anid? 92> peaticen th off ithe 
aeenteuiehet teatoup meneosaitt s talg et ikl Iathdlh osteihindinigss were 
Sima Naa: touPintage ts 

Elk umd e( 1Oi64auecon duicite ds tay sebudy yond s'eazi astaone, 
numeration and dimensional differences in young children. 
Husreeincdinvs: siuppomtede Palapetics rhesus itinat. chremerwst fa 
Kegulewednicreasetwathtiagean tthe ‘chiaisdi<si aba ity?,® and: ithe 
danienss: onaiaitye otinmiaterisa lis yatitkects pthtescrasieito fitsuccesiss 

Amumber of studies: on length conservation have used 
the Muiller-Lyer Illusion. Murray (1965, 1968a and 1970) 
pmresenjteidithe mest lcs som sitidive so deSargned ctorinives tagate 
conse wreticons nD Apel lusion-distorted lengths, In the. 1965 
study children were shown dotted-lines of equal length, 
which they saw as being equal. Without being moved the lines 
were idaisitior tednubys 1 lus ions|.ve Theadata: supported. the 
conclusion that the transition from non-conservation to 
conservation of length was between seven and eight years of 


age, 


iN | \ eet ats a ae apas ads 
. serls ‘Fo. tne qoloveb ody mei 20g8 te 2 roms ot gai 
te jas feq Oc eds bauet oH .esesslos obytont ot etnias 


git Yo nme. tog ‘ge big Lo sgete ts sto quozg ovis ous ody 


oT ow exinin ai eeodT .TIh egete gp orew quorg tigi sgn ; 
| ae RE 2 sogeih ot ralimbe . 
| ‘pttoate ater ae ybut es. banana. (hoor) baie ‘© | 
ot binds, aaroy, tr 2ep mer St ti f hpi 2nomEb bitte. \n0it0 omum 
pr mee ered? tect 2besds e'degshd hos teqque eye 
edit) bine. eeitnds atbLido sAs oi ope ccistw sled watogen 
. »e2anowe “ho ‘Base ont g@ioetis elrit appa Fo. “9 Phemotenoméh 
bee syed no tsawns ene. adam fio 2efbu se to Sm A | 
GON Ge binge 8 VG Rr) TT .sotewe LT wsybereinwm poe 
ot8y ig eons ot Paes eeibut2 to etiweor eds hetnozetg — 
zoek +a as } Iai ected oa foitevne emo - 
| tee Ey Rae ei iS0b nwofle sraw. nemb rity Sei 
“eeait odd bevom: a sisi Sewpe guked esymae-ieads 
aig be Bo Joao eel Nd boosoredh 2 


16 


Smedslund (1963b) studied the effects of five 
pmotesuresiion ithe jacquatsad ion, cie-conservation om hemethabiy. 
usin garthemMthlaer —Lyedt Tel usmonredi Ne nety -saperchail dneng trang ing 
imageirfrom five years! fourtimonths'-to six years eughts months 
Wemenms edihium tives situdveagralheresa meremtwe iproceduresian vod vimg 
practaceson addition-subitractionst« Another procedurer involved 
AAO MNES Save dmicmeé ase nurithe SstirenmtheoimithewMulde miler 
Igelaistuon ,e-anids ae founths procedumesnnyvolwed! ithenvanticipation of 
the outcomes ofr thes idisp lacemenitss ofeithey objectsand AV dirkth 
procedure wastial composi tet offs therether four.edSmeds lind hound 
that the addition-subtraction dominated: responses were 
re lata vélyd more hrnequents wathisubjiects! who hadi achieved 
Comsemyat 1onst andi pemcep tionsdominatedoiresiponsesna were 
char act era Siti Caiod chhosies whoidndtmote achae vei conservaiti onow He 
Gomevuded theltt stirene thens heewthe uidustion hadbdi titdet effect 
perhaps because there was a general perception dominance from 
thies ibe camnanies ofties chesermic spotfanencas esadniail lustion, mda 
another reportedsstudy:usiangeMiller-Lyer Illusion, Smedslund 
(1963c) Houndethate conséavation Ofolengthioccurred) around 
ediwiitememrstio£ apes 

Iie Mi lilies -Ly ens 111s 1onemaseai son usedi byeWelacy 
(1967). One hundred and forty primary school children whose 
ages rmaniee das rome sixctoatwelveMyears wmerey tested.( lTwo 
3-inch lines were drawn on white cardboard and labelled 
AgandsBrtaFourdsheets ofielearupdasitic were preparedewi th 


Muller-Lyer Illusion arrow heads that would fit exactly over 
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the original lines. Subjects were to view the lines: with- 
out and with the presence of the arrow heads and were asked 
theciappropr later quesita on? reganding thetiapparéents lengthy of 
thendines. ty Thendata§j#rom this. studyl andaiea tedecthatssubsgects 
younger than twelve years of age could be classified as non- 
Consexvers Oc den etinsePedacyinoted that this rather 
advancedsageb could: bet partdyabecausé of: the’ usesof symbiolac 
instead jotipunelyeaconace represenitationa(Bruner, | 19649} 

Similar results were obtained by Glick and Wapner 
(AGios)tiviny thasletwudy items strongly. implieds thatiches degree 
ortwerbalavataon affeletsiithel ageemat whichy chaddreny can) be 
classifaediasyconservelrs O¢ydength.: They: used atverbale sand 
coneveted teSt6 and founds conservataonrontthesverbalctest. at 
twelwetyears wan dlongtheiiconicretesites thate ed ehtiyeamst ii How- 
evem,dit onght todbe) consilderedathatathesverbalitestf usied no 
Copereitée objectsati Perhapsramt requilrangosubyects toagus tify 
tphed@wranswems, the wesimed.pérformance wasdnotaa; true mean- 
ingsor-the subgeict? sec ompet eneyd 

The purpose of Coon: and Odom's study (1968) was to 
determine the: effects: of conformity manipulations on the 
Stabadartyiiots thieotransitayityicontept nonchiddrenofrom seven 
to fifteen years of age. The results indicated that conformity 
decreased as age increased. Murray and Youniss (1968) studied 
the welationsniip of ‘the, achievement of interéntial transitivity 
andasecrtah ordering. | They aourd: that only 15 per cent of the 


children who succeeded on transitivity failed to pass on the 
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Measure Ons Cratos, aihey concluded: “It follows from our 
data thatjrpsenira &i,0n; 41s paicde velopmentally. prtorn operation 
Wiech! §3S: yam ope rational fore punner to ithe junders.tanding jof 
Ciansiterpvity 6p. 126.3). poli spaxticleszcame close: to,high- 
lighting what may be an important ambiguity in measuring and 
discussing length conservation. 
Rossabhe, masimterpre tation .of,Riagetis awork,has, ,been 
Sea OWVnpO iN b..oF econtrovyensy i ,Despa.te yauti ches, ¢(Smeds,lund, 
L505 C3 pMurray 4anid c4oun ¥ss., 719,08 .<Goon .and:0dom,,..1968),.0n the 
Gransehiviity yot olength ~aahere seappears,; ein, these anticles., 
Lat Gherawareness- of thevinvolvement +o6+any «property, ;other 
Ehanstvyansitivety gopgnthe deveLopmenthaf <thealength concept. 
onedspiund ) 41963¢c),coutlines adprocedure--to+test concrete 
Cpoeo ret Vit) sOLr eng th in children. —However, mot until 
Bikind"shstudvetiootions theresa eleanidescriptrenyof two 
types {of pconsiervatLon :inhe rent tin, the }concept,of alength 
conservation. inThehpurpose yaft,ELkind!s 4study iwas: 
ra¢ite constdenysome yfundamental «aspects aof 

the conservation problem or to demonstrate that 

every sconsexvation-pneb hempassesses! two,datferent 

FOTMS«Ots ConServations and: that this. dastinction 

helpsicboth toeclarify | Piaget !s,discussion}of£ 

eonscecava tion and, tosTesolve-seme of the; misunder- 

Svandimgsvavout conservation that, repeatedly occur 


in themhiteraturesongthisysubject- Gpayl5). 


In¢thes~articdiepElkind.distinguishes,betweenyidentity 


conservation -- a single comparison -- and equivalence 
conservation: -- ja double,,comparison..»He,concludes,that 


evidence:+suggests that,identity conservation,precedes 
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equivalence conservation. 

Another point which apparently is often forgotten in 
the literature dealing with conservation is made by Hall and 
Kingsley (1968). They note that while the child may be 
unaware of exactly how different characteristics conserve, 
he may already know that generalization from one kind of 
conservation to another produces errors. In commenting on 
Smedslund's experiment involving conservation of weight, Hall 
and Kingsley indicate the importance of distinguishing 
between the weight of an object per se and its weight relative 
Co emorher object.) They point out that,“if the child ‘thinks 
the experimenter means a change in the scale is necessary for 
a change in weight he will learn incorrect responses" (p. 
19-7796 

This distinction, similar to Elkind"s (1967) 
definitions of ‘identity' and 'equivalence' conservation, 
is not found in other literature regarding Piaget's work. 
Consideration of it would probably effect greater similarity 
in test items on conservation tasks and thereby serve to 


Lesiserr mich of the Tecurrang controversy in.‘this area. 


Summary. The studies reviewed above have been 
attempts to replicate Piaget's investigations by a verbal 
method. It is evident that various methods produce different 
results and it is difficult to indicate and even more 


difficult to obtain a concensus of the ambiguities which may 
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be YanherTent. 1n@thervarious methods 

lemappearss thatetherthresholdsacen ofet ons ervation 
SGepWengthitis around Seven to eightivedrsworrace twheniverbal 
methodstare cémplovyeded The resultsvof: Glick and Wapnher;*and 


De lacys may “besduevtetthe Ssymbolicvrepresentations. 


Non=verb.al 

Asa cdevidcrolmTOMm lager Si method of testing, a 
HuMoer OL Investiogtors ave used non-verbel methods to 
Meastimey Cle AcdutaLhton. 1, Various: concepts. 

Dude (o>) omc ritleal 9O1 Piracet:s variety of 
Cie. | yckmO1 bls tl UCt1Ons 10 lenothm experiments, and 
Vanguace Used Im testing. In an effort to gain evidence of 
tive smacsi rape aspects Of such a verbal» technique as Piaget 
Msed wpraine devised a non-verbal method o1 measuring length 
Popescu avion wie ine Gest lisca, “upriches of “diiterent Lenoths 
which acted as measuring instruments. Children were shown 
bigeean Uprichtes wes, longer than a,measuring stick B and 
Lideine Measuring stick B was longer. than an upright C, 
Chiitdven were: stewarded, on correct responses, by a candy 
hidden under the appropriate: upright. The test contained 
SONeCHUuCMce With Only Iwo uprights. in. order to’ obtain. a 
measuveron their perceptual, discriminability. Braine 
interpreted 11s data as andicating the. threshold age at 
which S0>per cent-o: children have" transitivity of: length 


is somewhere between four years two months and five years 
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fivesmonths.s Aecording ito) Braineo'the Watference: unhis 
results’? an djPiaget! ss. occurred? "betcavs e8 intides Vonin'g! has 
experiments”, © Palaget."fallsmtoveliminate’ important variables 
which’ a@rei not involved in’ the’ définition of the processes 
hers e€st@Utrto® ihvesititgaitver”™ (2 Vili0 ja 

Braine’ (1959)"has been severely criticized by 
omeds lundis(o6Rcj)k To Stipport: his® criticism of Braine, he 
condmoted? a sittidypusane® aiitest®= which heyvconstrutctedt tol test 
Gonorevett ransa-tavirvyo ofeteneth. The data from this study 
placed the? ap eaiatwe Wis ch? SOx per Tcentooe thermsubjects possess 
transitivity of Tength around eight) years.’ *From his data 
snedsuund-contirms, to his satisfaction, the hypothesis that 
the subjects?an® Braine 'sstudyidid not) have genuine 
transatinedty.8 > Smedsitind's. strongest) critaicasin as’ that. Braine 
failed to eliminate” important. variables’ which are not 
imewonived. in-ather dertann'ti on! ofthe pyrocess® hee sie vst outa ito 
investigvate © The most ‘Serious? oO thesegvari ables Smeds lund 
terTnse*tnon>t{ rans itivet hypotheses™ {pe 594) .1e Hetasserts 
that theoretical considerations and available data strongly 
Suggest that what Braine observed was not transitivity but 
non-transitive hypotheses. He suggests that after a number 
of questions such as anmvolveirelativetdenpgthse of Bands, 
the subjects can conclude that the desired answer is always 
ACPOCL Wiktthoutrany Sinidatcati onl of genuineo t rans 1tivitty . 

Braine? (0 649ngep lave duet omSnedsdundiss critics man dean 


tiirh “cpittitci zed ‘Siiedsl und "Ss? Sttidyc of transutivityaot. length 
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Onesih etubaSalss ethvastt itive: stub jiec t5i coud) note possablyarunder- 
stand his questions. He also presented data as evidence 
that ~tinon- transitivecthypothesis»was not) usedidn his 
expe mamen-t.t « Smedséuind)«( 9659 rccommenteds ons Braine' ss meply 
and in tempmeitsd thesnewidatia, gimenkbynBrainesascls uppor ts tor 
hasa Carilse 1? icaistitiea smy 
Whtest hear oa 1 octayalver wana abs ensoturlinoneittmans ast ime 
hypotheses" was present in Braine's study is uncertain. 
Smedslund (1965) concluded: 
Theme cappeanmsertioa 6 xisitc nor icomped iia, 
evidence for or against the assumption that 
the performance of Braine's subjects was 
based only on non-transitive hypotheses 
Upt.a 5:38:03) 5 
The memarkstiotr Smexts land) (96 3)e re hes data supports 
Pataive ina anins t' Barat ned'an(py.. 40Bie anid) B raamercHOSO) rey ..to the 
Neca len sdaiiter Gerom Paapeiyded ‘ocOprediily -ca aves desemiving cof 
comment: tiPiapeite pointsamutiahat by consienversifofi diength 
bes ema rountdirsie vena tt Ome 1ghits y clair sheotmiage he wmeansucthat. 75 


pemicents odmrthedechad dren tot that «ageswhom? hei has set udtikede wad 1 


Cemseawet lemethron Hes conti muessithatiscr otind 5:0: pew: sem wo fe ithe 


children ate Saxyears ofiagefwirkl bes conservers (1964 »p. 31). 


Both Smedslund and Braine have adhered to 50 per cent rather 
than /siipe vircemtt iam nepo rie nel ithe dat atin tthea ters tud resman tht 
nlayt also’ beyanderredi (mon? Paave ts sewniitimegst thats herbelaeves 
chi lidnen) aroundisemene ct oflea ghitiyearsirofirage anfbenclassafied 
asomonsecnversaortt Teneth ssa hed measured: has’ cconicepitrandaas 
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theseityofobservarions sitnnrs idnfficult 266 junderstand. how 
ome ds lurd Ss) oneBrainetstimdings,; ahthoughaditfféring from 
each other, are in such disagreement with Piaget as they 
haveeslggesteds tPerhaps beforesthe results tof anyistudy 
can be compared with Piaget, the degree to which that study 
patalhéledtheagebisiswudies cughtdtd be considered. 

This sort of comparison or misunderstanding is 
ObMiOUsSnin. aestudy offecormservation of quantity of discontinu- 
ous substances undertaken by Silvermann and Schneider (1968). 
They used an experimental procedure similar to Piaget's but 
which they labelled a non-verbal method. The subjects were 
askedetoerespond tonquéestionseby sapointingstetpars fof icandy 
they would take rather than subjects being asked which jars 
contained the ‘most’ ¢andymonthe,child wasjconsidered eto 
Haueneonservedgitahé respomdedncorrectiyito the questton of 
whicheof the original jarsrhad more candy and ‘indicated in 
hrsa@explanation thattheychose firTbecauseart. wasctmore'at ithe 
child was considered not to have conservation if he answered 
the first question correctly and chose the lesser amount with 
thensamelexplanation.stihey tfoundrthesage sat. which 50yper 
Cent ofmbhessubpects. conserveddtodbesanoundusevyen years? 

Theaintentionewasctoseliminatemthetprobdemeof Semantics 
thatamayehaveeexisted.in?Riagetsssexperiments. tiSiivermann 
and Schneider concluded that. theire findings: conformed: very 
closely fterPuagepbsrandses tafedethattlRiagcethsacriteriarare 


validameasuressofbconservatmen, nandependentmofnthefchild's 
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capacitynfoxr verbaljdistanctironst -(prb289}-« 

From the,information given.in this.article it.appears 
as ifthe researcher}'s<«method was no less. verbal.than 
Phapetiisgys ineewthehjustaficatieon;ygavenyby thetsubjest for 
his selection was expected to contain the exact words which 
inttvallyethe expeximentersenintended: to.eliminates »Desprte 
the apparent intention this can hardly be classified as.a 
nonaverbaletestrof: conservation. 

Sawada (1966) devised a non-verbal test involving a 
transformation testdofrthetTconservation of, length?¢jynThiswtest 
MsedecalipersijandyCulsenaire-typenrodsyoef multiplesand 
Sangdessegomentedalengths: «the samples consastedrofisixty-four 
Chaldren}cequalsnumberrof both. sexes;),who;ranged,an,age from 
Saxtyprourotognunetyafaveamonthsery;Ald subjectsywere givenra 
ttagpang, sessdoneandywthesresponsexcriterion was,,thatsthe 
colapersnwovulldtfituintpanecertain wave ass dedined byethe 
apparatus usedtinHejdound: thes thresholdeagey, of conservation 
etndencth teaberbetweenyéavel years» fourm months,and,six,years 
three months. Sawada suggested that if younger children had 
been ancludedsin,the,studyethe;:threshodd age level may have 
been somewhat lower. This study does not suggest what the 
threshold age of length conservation might have been had a 
werbeletestebeengusedign Thesdatadsuggeststhatgthese-resudts 
are similar, to, Braine's(1959)..,However, since;,both situdies 
used) differentyapparatusrandi testeatemsga comparisons or 


generalizations about them may not be very meaningful. 


ear ey ’ a i.e | 
ak ' % pi 
LA a | 


pats setdue am wh pas onin fpai 
. Wendaw brow 1OBx9, ont lie tlinn: oq 
| ‘stiqesd | seeenimi ls. od, bene ghee ; x9 edt 
; & 285 bettizesl>) od, qabred. Si id tre 

‘ ein | : Pees Aevieeb lindrav-aon 
8) aniviovat sees Iedzev- mat 8 ; beakved caaery phpws2. | 
aro Feed so kg emno% ents! 
2 ius Die evegiles: beeu 
syO2-\ytxie bo bedetenoo alqme 2 ont Sealigaot doraomger signie 


jeer 2tdl .\ eltyntod to Hoitay7eas09 | 


bas sigia tom, to abot aqyi=91 in 


ord ops me | begasy ontw zene, ‘qouvee sit oiddigns ri feupo noth Lida 
5 devig otew ataoidue GA... aie aor ahi ky read ok Bo? - yseie 
 podt «teas eaw Hodresirs ‘sano gead oad ons no baese gaintsnt 
ont. cd benit ob 28, yb nite s199 Ss me FBR. biidow eroqtiea 
hoitavigenoD 20.935 ‘biodeorsit sits bavod oli sboaw eu2etsqqs” 
eRBAY aie bas, add nom pea al awit, woewted - od ot tgnst 2o- 
bad sored i dg Tagmuoy Yb tens botesggue sbewee, _edidacom sords 
eyed (Yam Loval sikannt ona: byte ody tT nivbebutont aeod 
edn aneggueiren 2x0. xbue ZiT ews tacuemoe need 


ae is: apr : 


i i He : 
iy ea ; 


LS 


Intanednvestigation) of non-verbal tests of number 
concepts Wallace (1967) used apparatus resembling that used 
by Sawada (1966). This consisted’ of a. box-like object with 
threeldoors.on which were hung three cards containing 
representationstof different numbers¢rThe child-was® shown 
a fourth card which represented the same number as one of 
thercardssonvythe@udpors. _Therfourth*cardtwasino tei dential 
tofanynothericardty Wortexampié,Calthough it®represénted the 
Samcentmber, threemarkstimayube ofidiftfiéerent?saizeathan® those 
onrwhetecardnionatheodoorwhatheechild was asked. to find a wooden 
block» by4 openin putheodosrewhtith indacatedi the correct 
response. The non-verbal test was based on Wohlwill (1960). 
Them results'supported the view’ that the attainment of 
conservation constitutes a landmark in the growth of number 
convepes . L4Howe ver, SWaldacevintérpréeted™therresults as 
Suggesting that Piaget may have underestimated the part 
playedbbyccountinge ine therdéevelopmént of®consérvations: He 
concluded that the non-verbal test of number. concepts used 
in the study iis snrtablerfer thetselection of ®children who 
havesnoteavyetiattainedrdonsérvati onoofaénumbers 

Theeuserot the Mulléer-Lyer Id1usion iscreported by 
Murray (1970) as being used in a verbal and a non-verbal 
contextec TheXsampleyvin) thaststudytconsistedrog* thirty*’seven 
kKindeecantentandefrnstegrade- children. He reports that 
Significantly more conservation responses were found with 


one verbal procedure and significantly few such responses 
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with other measures. 

It appears that the method and questions used place 
Sseureus, limitatwonsGon Murray's study. They are: summarized 
as follows: 

(1) In the procedure in the verbal method the 
sgubyectsiiwereapemmattedato handle thenstireksa@tostompare 
eueruyrelative: 1éneths. dithusstprvovededhthéessubyektsrwith a 
cérrainafamilwarityuwithftheesticks candyaecheck onctheir 
pérceptionsn-viowevers noesuchvhanddangaofhtheagmaterials was 
permitted inothesmontverbalttes t¢ 

(2ngetThenuseilet-the wordrvxceadhy thin the.question on 
the werbaistestd--yeforaexampiehilisithispstzckoreally longer 
than@e@his stickroercespitxreadiynthépsamée2zZ length as ‘this 
SoC moi lsat really shormteratinan thisestick? vs (Murray § 
Tome, 2 Lt) eS e Steves tive towmany childrens yinetheir 
CHgemiccS etOspucasc thesinvestigatOr eat eror NOowOther reason, 
the ups ectsemay be encouragedeby, the use Of such words to 
alswemenecativel veto the ques €ion tas keds 

(6). “fhe@htirstaverbal test tinvolvediwhat Elkind (1967) 
Ctériswaidentaty \conservation’ )=- compaimison of two objects, 
whereas the first non-verbal! test involved: “equivalent 
eOnservation =-=SGompanison of three objects<5 \Réesearch--has 
mdicated, (EPikingd, e196) )ethateidentity conservation. precedes 
equivalence conservation. 

(4) "A weakness of NV2 (second non-verbal test) is 


that some 'true' conservers may elect to use the second stick 
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simply because the opportunity ,to do so%is provided or for 
someyothercreasoniunrelated: toetherLength<of* thessticks" 
(Murray geio70; pre lo: 

It might also be noted that a similar study was 
previously. comducted) by Murray “(1968 jean Thass tudy “used 
very Similar apparatus and almost identical questions as 
Murray (1OZOigerinthws= disciuss#en ofpthiststudy (Murray 
LLI6SIMaAttrabugesamacheof the dvfticoulty iofltheeseconds tést 
(téermedenon=verbal™in*the 1970 study)*as being, 

. SOME ONS IS#enwHowsi thethe tGenevansobseruations 

ie nee chiildasvacvel opment of horizontal 
decatagés; namely ;cthetobsérvationsthat thebsame 
eujelc=cal (Oxi it woperati onal stage thinking in 
one task and yet lag in exhibiting operational 
thinking and exhibit pre-operational- thinking on 
tasksugfxkmorereonpiéexccontent (p.0i92)% 

summary. otudies using a non-verbal method of 
Medsuring conservation Nave partially avoided the semantic 
Proorens ih Onercideextst ane thermore verbalemethods. How- 
evetwmas 1S  e€vident an the Braine: (1959) and omeds lund 
(19OSN- studies. many of the inconsistencies can be attributed 
LOmIMeOnsis tencr1es in) the criteria that researchers have used 
to discriminate conservation from non-conservation. Some 
Sruddtess a braine, 19595) sawada, 1966) suggest ‘that the thres- 
holdvace op couseivation Of -léngth as around five to six 
Years. 0G Fesults of another study (Murray,, 1970) shows 


fewer conservers on a. non-verbal than on a verbal test. 


Other studies, termed as non-verbal, (Silvermann and Schneider, 
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96S iSmeds dundjrb90453 iWalhace, th967)shavesfoundi that 
PRrave't 45 aarnte ynagarecvalndaneasunresitofiitconsexrvation, 
midependent ofathedchaldisibeapacthy fordverbab distinctions "' 


(Salverndnnm andgschnenders 1968 yep 11289): 
Ii. iGONSERVATRON. AND ACHIEVEMENT 


Liheonsienvudtromd:s cho igave tnphicatnons fonseducabion 
himscems c«dppirepriate* thatdthe relatronshapwbhéetween rconser- 
Yatronyand cache vemnen tes hiould Ibe junnestugatedseatlhns section 
wevtews (S$ oille for. Cle jmoore xweacer tnstiudiiesinin sthiuts: ahea : 

Dodwe Khe (P9600 paconstnucted fastest 26f tmumbér, concepts 
which was based on Piaget's work. His sample was a group of 
thi rtywateun kindergarten cochildréen tan <Ontarioh? When tthe 
Scores yon Athi satesitiawée re compared ».s hx smomths hhater,) with 
the ss ubiieict \siuper honmmance nonwaeteaché nomade hachrevement ites t; 
thenconne bation) was 0.59... Dedwell concludes that such 
concept Stes ts: wouhd jbeiscusic fu hoaurehnetie néadimessufionrserade 
ome ten nrantsudylhe yd luego G4th us gsitudyemay iteirkimi ted 
because of the small group which Dodwell used and the unknown 
peliabnility ofethenteach en-madenachvevement etes ti 

Hood 61962 idevised otésts: alomg sPiageit rarvel ines: cae 
tests included conservation of number and quantity, 
$eriathomsp-teotrnespondence atandradditivencompdsztien of 
classes fand-numberswanHe comparedothe rscores, of 126 w£our ato 
six year told) childrenewith«teachers' rating»son ‘the mathe- 


naticalsabilaty of thie: isubjeets| and foundea srgnificant 
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re Wart rorrs hips © ave rela'ance: sonrthe! Ste ache rs"e ratings , 
rativer Vthamom “aht*ob ject ivellassiesisnient sofiesubyercts?' 
performance ,o°casit ‘some ‘doub & tenitthe findings: of tthisres'tudy. 

Aimy “(E966)* "reports the results of an extensive 
Study inceluding a *study“of *the relationship sof “conservation 
andiachiveyv enen tei tint stivel cross asec tiion.alt study y tinciitdin ¢ 
forty “el cle. second~erade ‘clrildrem ‘from a slower “clasisitsichool, 
Amy “con elhudedtthatetch il dren- who perform twell, in’ thre 
conservation tasks also do well in beginning reading and 
aritime tre’ 9p £°F] Pato sthe-s1 onsutudintal study the obtained 
correiPatvton cCoekireient, “rang ine trrom v0 62 6 eto 10 65'3.,bewas 
consi dé red “by tA lmy: eel“ be-"s uffiGrenitly thigh tocindrea te ctite 
exis tence tof ts ome *relationsiirp between the ab ilatty-st 6 
conserve and mathematics’? SHowever, pierhap's ‘the "findings of 
this study would have been more meaningful had more variables 
been controled? 

Steffe *(1966) used a conservation “of numerousnes's 
tes @ Tina's tudy “involving 341 grade vonevelhildren./ The 
purpose WoL tHets tidy twasUto Sinves:ti gate (the .re lationship 
betwéen “the performance on a%éonservatiron tes tSand  %a Atest 
E€Ons teu ted 46£ 961 ohteen Iproblems Cwitlh tan taddi tive UsitFructure. 
The ‘effects of ‘intelligencé were controlled by placing all 
the subjects'Pin to" three scate gories A0f Sintelligénce. 5 tOmythe 
basis of the performance on the conservation test, used as 
a pretest, children were categorized into’ lévels.” The 


subjects were then administered the problem test. The 
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analysis indicated that children who had the lowest 
conservation scores -had»significantly lower «scores onthe 
additive problem test than subjects in the other three 
levels .cf.conserya biom. 

Reimer (1968) used a conservation test of number, 
Guantity,,. and. lengthy, .andijthe yseeime s~hxowgh: Arathme tac 
lest, as. sthe, ache vementestesst eq sUsiave yansianpikes tole aug hity- 
three: rade: oness tudent si sin,» Edmonton),d Abb eactai,c thenefiound “a 
Sionuircant «correlation «qnn0. 41): betweenveconservationm stores 
AnCesscCOneS Olwehe, mathematics achievement test. He concluded 
Chiatepaohecachtevemecnt test score could be predicted with a 
high degree of confidence for subjects who had high scores on 
the conservation,test. but predictionto famathematacst achieve - 
ment was.not.possibde, forrsubyjectsawhofhad, lowlscoreslion/ the 
GONSCTVaciOny CeSsile 

Ay Ss tudy -whachs, foundsanessigna ficanteditierencess when 
b,QeaWwas;controlled forsebekween censervems. andhnonpeconservers 
in arathmeticsachievementywashdoneabyeOverhohtecd{1964) 1NtHis 
Sample was made up of fourth grade children. The arithmetic 
scores were as measured by the IOWA Test of Basic Skills and 
the conservation tests involved conservation of quantity 
US in gepLastieine, andyc@t ten: 

An important consideration arises from this study and 
may be an inherent factor in other studies of this nature. 
The achievement..tests andthe conservation tests (may measure 


completely dif fexent-iaspectsscofi achievement and, ctherefore, 
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an ansignificant relationship between the two scores might 

be anticipated. Alternatively, a mathematics achievement 

vest sand’ altesteotegconservationymay lLoadtitoasuchsanrextent 
en¥the®s ame: factor that) a highecorrélations isoinevitabde. 
Since a mathematics achievement test is dependent on the 

part cudar*curriculutm sittudieds byathersampidet groupa ank 2 

study, perhaps an improved situation would result by including 
fewer recall items, than is often found! in achievement tests, 
The? abud ity? toe conserves appears to anwodwe mores thanc ithe 


aba Dart yl of re cada. 


TII. SUMMARY 


The criteria which discriminate a conserver from a 
non-censerver are vers daitiicult to define.: Elkind (1967) 
deals with this point in detail, Hall and: Kingsley (1968) 
Stless. tie amnportance of being cognizant soi the various 
Pibiers aNhereice. in fConservation. test items... Ihis, point of 
EOI reversy thas, also ted to: the Braine, and Smedslund inter- 
change. There is evidence (Sawada, 1966; and Glick and 
Wapner,- 1968) that vastly different degrees of verbalizing 
in “questions and, responses have established ages. of conser- 
VAtLOUeO, Meneth aromeaive years, four, months to. twelveryears. 
Thus conservation appears to be more. complex than it is 
regarded by many experimenters. Its importance.is not 
disputed. There are, however, many unresolved questions 
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behaviour, 

Appuxpose or the: present Study was to answer some 
Guest Ons 1Tecarding Conservatvono: length was measured. by 
aeverbal and a non-verbal mepgited. Previous comparisons 
have been made between separate studies and, hence, their 
yalue has been, damted by tthis tactor. Past research shas 
emphasazed. a comparison of obtained'scores ‘on verbal and 
Non-verbal Gonscuvagucen tasks with Vuttle reference to 
Cte Gg awatiapilech welicrrelawionship between the subjects 
scores on the verbal and non-verbal methods and their 
TeMeemonsniyps with the varvables ‘ot yage;, inte liigence, 
achievement, sex and socio-economic status was investigated 
in theists study. Aicomparisom of the two methods was) made on 
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GHARTER Siri 
DESUGN TOF Mite STUDY 
Lo SAMPLE 


The population consisted of the grade one enrollments 
Mier Our Cement anymse WOOlsS inwmthe- Edmonton ub lace Schoo! 
BOaud iysitem.m bits comprised a total for goout. 450) children. 
tne our schools were made avaniable following a request to 
the edanontom Public School Board, 

Tiewoanoberot MUU SUbyeCtS, “binty=two piris and torty= 
CiCiemp Os sawaseciosen by randomly selecting one classroom 
PremmeAtci Ol tiem OlM SGNOO LSE reterr ed to above. | By assign- 
Mie ammiunDey LO cael, sub ect and Using a table of random 
numvems (Hoehne (900)etierssample was divided into two groups 
Ommcaual number.) —One weroup, twenty Seven girls and twenty- 
tnree boys, was wadministered a-verbal "conservation test and 
CiewOtNer CYOUD, Uwemey-Lrive girls. and twenty-iive boys, a 
NeOniemwerDalwtest. Bothy thesverpal  andmon- verbal tests 
€emegained: tiewsanewmumber OL “iems and were designed to test 
the Same concepts.) [he only wditterence ian, the two conser- 
VatWoustests was Clat Cumsenaure=type rods were used in the 
VerDate st wnctods mane the Won -verbal atest a response 
apparatus and, Cuisenaire-type rods were used. Both groups 
were administered the same mathematics achievement test and 
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Table I shows a breakdown of the sample with respect to 


age and intelligence, 
II. INSTRUMENTATION 


MatnematicseAchievement Test 

In this Study it was necessary jto administer an 
achtevement test au sine same (Lime “aS “@he ‘conservation tests 
wich were administered during the lasit week in February and 
the first three weeks fin March, The test which accompanies 
themsecing Wivoughparithpetic (Revised, Hartung et al., 1965) 
Series 15 Jmteindedito ibe administered fat the completion of 
the approprmage> texts | Akso, this. tes@ places. more emphasis 
On cecal? than waspoonsvdered désirab le-fror this study. 
Hencemeslt Wesemecessany ecO .construct an. achievement test for 
usé.im the. piresentpstudys 

he waiceievememua test wase basedmon the content of 
peeing Throwmen Arithmetue (Rewised, Hartung et al., 1905) 
text for grade foneland mcludéd test items on topics which 
SUDJECtS In@thesastudy thad completed by late February. 

The tirstadratt ot thesachievement test was completed 
after careimlyecxamination of the Seeige Through Arithmetic, 
Book One (Revased, [iaytung etial., 1965) and various achieve- 
ment tests, his drafitrwas “administered to a sample of 
twenty-nine prade one students figy"late January, 1970. After 
a study of the item analysis a number of items were deleted 


from the test and the revised version contained twenty-five 
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items. The reliability as given by the Kuder Richardson 
Fommpiaez0 was $796.lilihe wevised formmoftithe. achievement 
cesteappearsg,inesppendaxt Av 

The Mathematics Achievement Test consisted of three 
Subtests:f(l)eGeometrys (2) tNumerationjhande(3)eAdditiren and 
oubtwacti1onikacts. The inclusion of these subtests was 
Conscictent withthe content of Seeing Through Arithmetic, 
PoOmune (kheyiscd. Hantung vet eal, 1905). Table Tt shows 
Een dese nUumMpeds Lat ecOnsttutedseach subtest of the 


achievement test. 


FABLE tit 


CLASS LEY CARZONGBYOSUBTESDT rOFwhIEMSKON THE 
MATE MATICS ACHIEVEMENT TEST 


Subtest Item Numbers Total Number 
of Items 
Geome Gry tore Ore OR Oe ds 9 
‘Sh eo te 17 
Numeration De Ryle aalee Ae VG eS 7 
Adda tron <and SSeS OO) 9 eel E27: 9 
Subtraction 25gtzZ4nazs 


The achievement test was administered as a group 
b6sthbyNthesanvestigatereandcantassistantie: Ahpracticeatest 
was tgavenutorheipaciari fymthehprecedure tinswhichmthe 
responsesimeresto.be made. For each question on the 


achievement test instructions were read twice. Items 18-25 
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were ¢done rby, theysubjects after the sprocedure owas nbriefly 
exp lamieds gs Ne ‘timemli mit tias; seth lonatheetest. cabach 
SubkeSt was yetvensample taimeytd mindicate this; responsesmon 
the gestsbooklet whach hesreccivedwenin gonsideraition of 
the age of the subjects in the sample the test was given 


in two sittings. 


Intelligence Test 
The Lorge~Thorndike, Level»I,-Form:A Intelligence Test 


Was gaaminiusscered Tho salbhesubjects) iaxtehe astudys sThiis:.is Ta 
gLoup gabesiG aus Ine tbc tonal imateviva lsjpamdsoral Amsihructizons. 
The tes theas a eee imi ofh nee ts emanate; ss tht mesneas 
recommended by the authors. Care was taken to read 
instructions slowly and distinctly. An assistant continu- 
ously ncheckedtto see, that sjuby eats: hwe nes rresponding/ et othe 
ijisst BUG tison S) yin hcoar yeact corde 7A | cSubjec tsyppndic ate dothesin 


Tres pons es; tin ete etesit ibookhet, 


OC Loge CONOMUCEo ca LuS 

Blishtenvs. Occupatiowal Class Scaleswas used as a 
meacnie OL OcToOceconomi Cc Status 1 Pilishen. et “ali. 1908, 
pp. 741-753)... The measure: was idetermined -by »using) the 
fathes si occupataontaridi rhie qwast}consfifde-re d) ft o: ibe, sthe: thead 
of the household, in reference to the scale which is based 
on the education and income characteristics of incumbents of 
these occupations. 


The present study used the school, records to obtain 
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the father's) occupationapiWhere [this occupation: information 
was missing or vague, aS in a’ small number of cases, no 
fULtITST $e Er ort=was naderorrncrude’ ttr-ein@ea few instances 
ties tavestigator had to make judgements as” to gsimitar 
OCCUpaAtlONss 1 tatie at ariel. 5 @OCcClipgiLOn Wasmnot listeauan the 


Blishen Scale. 


héenethn€onservation Tests 

The non-verbale conservation test was constructed by 
SawsGa (4000), a lhisswaserevi sed lartenia pilot study ay ithe 
DecmmasmUScCdminis thes present study appears in, Appendix B:. 

The verbal conservation test contains the same test 
tenis as the non-verbal test but was administered in “a 
Ve Lod scON te taatOmopproximatés vagef' si type ot Interview ; 
ihemumvest ig atOmeusl i deciding on the: wording of “the questions, 
Was) pubded by sthis racrOre |ylliasetes trappears) im Appendix’ C. 

BOthMeOnSeivablOnwtes tse consisted Of fours subtests: 
(1)}*) Prans lativons, 02)" Rotations, (S)@Nen-CGonservation items, 
and (4) NG@lustonsvatlablerihiterves tatbreakdowntof®the test 


ttems i constitutingseachssubtes t: 


Tras aeons. Slits ssuptest was designed to measure 
tie sehaidas tunderstanding of ‘the eifect of translations on 
the linear span of an object. Single and multiple segmented 
lene tnismwere siidmarshort distance: and were’ ether in-plane 
Or yOUuteplanceetrans lations: assineicated in ether tests” an 


Appendices B and C.. All items were invariant-transformations. 
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TABLE tid] 


CLASSIFICATION BY. SUBTEST*O&® ITEMSt ON» LENGTH 
CONSERVATION TESTS 


Sub tes t Item Numbers Total Number 
Of lL Gems 

Trans lations ine Zen 3504s, e5/a0 6 
Rotations 7 £3) SBlLIOF ater 12 6 
Non-conservation 

Items Siete eo .st Ore ess) aL 6 
Illusions I SIDE ORI 77M Ane SP AAR, Me et 6 

Rotatronsis., [hisAsumbtes tAwasGdsstonede to] measure 


the childs sunderstandinecotukhne effect of rotations on 


Che ine aespanlwor sanObleCtl. soinglesandemultipie segmented 
lengths were rotated through various angles. They consisted 
Ob i= p lane anGeoute planes LOLatvons.. All itemsawere 


INVAT lane trans toumMatLons. 


Non- ConséervationcTransformations¢y¢a The, items 
CONSTI CUTIN get se subtests Consistedmof non-invariant 
transformations 28s Supports forlinan Cdusionsersthisssorty on 
activity canhbeefoundcin angeportcof anstedytby Luchins 
and Lucnains, (19604).. In tour of the items in this subtest 
oO) Clle Om the= Trocdewasiadced or subtracted after the trans- 
formation. The plasticine in one item was shortened by 


approximately. 75 cm. by pressing it vertically downwards on 
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the SUOp wor eatiiemcdes ia, sand imetherotheraitem 1h was 
lenpthened@iyasapoute,o crm bys theseunvestigator yrollinge it 


under haseihand. 


Pelvowmonswe el ois subtest wase designed to measure 
the effercuso mm witiswons gon conservationws eine allusmonus used 
Were Valebamecmetestnce ( ) Muller-Lyer DPijusion.,, -@2) 2Oppe 1 
invertedmi-wamisca on. and (3) the additionsoft two perspective 
lines Whpcimuoucnodsene end-points of onemor the rodssbut 
not of Phemwothereee Ihe illusivonmcards usedjine this study are 


shown iftiraure: i. 


III. (MATERIALS, “APPARATUS, AND GENERAL TESTING 


PROCEDURE 


Materials 
iie owlowings materwals were used in? both "thes verbal 
and noneverbale lengths conservation tests; 
Ci eneutcciatue-typemrods of one Ssquaremcentimeter 
P—rOossceCllOMeandsot Lengtheeo.yZhaeosm..o, 
Veo 9.5 ‘andwvs cm. 
(eet pom plas tl cine “Gm cross-section sapprox i - 


3 i Bx Sm Ws nmap oan 1 pez Wa Lema pe RK od pet Eg BRP We 9 re oh 


Apparatus 


The total capparatuswconsisted of Calipers and a 
response apparatus. This was used only in the non-verbal 


conservation test, and was the main feature which 
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dis tingiisnedwtne two conservation tests. ' This apparatus 
was constructed by Sawada (1966) and was unaltered for 


use in Eheypmecenteswudy- 


Calipers. “olxepalrs -Of Cat persmwe me us ad™ having 
two palrsveach to measure lengths. 9.) 9 somana. 0 "em, 


respectivedy. Wyiiiies ema rcws movi Suntec UTreme . 


Response ppd avuse alley respoise apparatus consisted 
Ot ed.) OxXeiwaithe on Ladamenstonsaslo fem. DYa45 Vom.» and, als cm. 
deci... (hes box ortarmed three doors through whach candaes 
Weverdispensedsas Tewards Lor’items answered correctly. On 
DhEwLOD Once bos VOVver coach door calipers of diirerent 
lengths®iwemer placed) ande-a’ 9 acm: rodewas manserted in each 
Cali pe raeeenscemeant that €hewmnidavemeaiiner.) Olespanmo., Cm. 
containedme nodmwhe ch exactly imi tedmarte, while the jvods -in 
the-othew vcamipers werepeturer eM rLOngem on snOteer than 
the spateof the vealmpers, thee apparacusmand calipers gare 


illustrated inMiwcutes%. 


Testing BrocedumerforiNon -VerpalsConsemmatwon lest 
The conservation test was administered individually 
by the Uivestieorvoreaus deprivate: room ametherschool. 
DUbyects wene TIVst Givens a training session. .of 
approximately five minutes to permit them to become familiar 
Wi Chit hee reSDOns Geapparatus... shach,,tes tentem (except the 


illusion items) was administered as described below. 
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PIGURE’ 2 


THE RESPONSE APPARATUS: (A) MATERIALS FOR NON-VERBAL 
CONSERVATION TEST AND (B) RESPONSE APPARATUS FOR 
NON-VERBAL CONSERVATION TEST 
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AP pair Or Cala pers® and’ ant object. (rod or pl astacine 
as™tne? Testeatem Tequired) were’ placed*in front’ of the 
Smby ectys Themsuvjecteinserted™ the object in the? cadapers 
andewas asked mtemmote the fit! tor the object .* The? subyect 
Was? then®asked tol indicate, by ‘opening the® appropriate® door 
on Une Tesponse apparatus, how. the: object would £2? 111 
Wereenow appumed to the same calipers’. 

The trainamvessession was in sufficient detail 1* that 
the*subj ect understood the exact criteria hePwas’ to use*® to 


make decisions® ~Thessubyect ails o® learnedehow. to’ use "the 


PRGURE: 3 


TESTING ON NON-VERBAL CONSERVATION TEST 
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dipparatusMin®Grdéer*totéarryPeuttasdecivsion abdoutva)pafticular 
transformation. First, each’ subject was shown the response 
apparatus (Figure 3) and was asked if he had ever played this 
before. ~All subjects indicated they were not familiar with 
this apparatus. The investigator demonstrated the apparatus 
EGOMthe 'Stbjlecteby rékerrineg>tosthe calipersnand rods ‘on the 
top of the» response®apparatts tandmaskingoi£MthenrodswWwaliefit 
the same. Invariably the subject said no, and when asked to 
explain theViitsy was adie totdotsag, OF Fortéexanpile } NY This tone 
(indicating the shorter one) got a piece gone, this one 
tindgGatinesthe rod equalginhilengthete spaneoftealipéer) fits 
and=this*one*is stieking up 6verP’rsThé "inves ti satorithéen 
inserted‘ aerodveosem: eintev’a cafipery(9temy <span) and 
askedethe Subj eee slonpomne tothe /'fLew on the reSponse 
apparatus whichs¢otresponded*to) the 9oné) the®inveés'tipgator*had 
made. The subject's attention was ‘then directed toward the 
three*doors-in the apparatus*and"the investi pator-pulléed 
down one’ door’ to*show'the*subject how it worked. ©The 
Subject*was then asked! totopéentthe®other twoltdoorsainThse 
Subject»was ‘told that from then on instead of pointing ‘to 
the calipérs®on* the? apparatus’ to indicates the corresponding 
‘fates thessubsect should open the door underneath the 
appropraatereaiipert Abach©correct®responsetwouldrresult in 
finding a candy hidden behind the door. 

The subject was then given practice with inserting 


rods ®of* varzous? lengths “inWthe calipers+totéenabievhimn. to 
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become familiar with the apparatus. Often the subject 
wmolun¢teenedemoiverbealazes aboutrthervargouse! fits lati The 
investigator used) this terminology inivreferringttoathe 
VarHousys tituationse ratte rneachastb) ect,indveatedithae he 
had fully understood the procedure to be followed, the 
next phase of the training session was begun. 

fhis"phaseurequiredsthessubyeect to imagineshowtthe 
redspwouldymat Ghelcalipéersartereattiranstormationshiin this 
phasetthe subgectsdadythe insemtimge oftrods into the cabhipers. 
He was toldjto@payacare hul lattent nomutotwhatythe vinvestigator 
did andisaidfieciNownl tam gomeite takeithosiads ticksiethattyou 
have £rxedyhere i (indicatingecabhipers)/sand>:move them like 
this gpallThe movement pmay.hdadve been canyctransformatiom des - 
Gyubedfinkthestestrin Appiendix he) mbNowti fiyou “put .thrs 
¢Gahipers) som agaimcinstheeway you always do, would it be 
like this, onjilikesthis, oneli ke othnemtpoimtin gtsuccessiively 
Go nthe: imodedhdfistsiah? ePinid the Lcardyn" o tAfter ttwo cor ethred 
qWesariens Jomhethis Mature the test was begun. No questions 
in the: test cwenel iden hiea eto ubliose.eusieidie mothe tt rain, 
SOSiSLOn. 

The testing procedure for the illusion items (19-24) 
was as follows. 

An orange and a black rod were pushed toward the 
subject, -and he was: asked, "Are they the same length?" If 
he appeared not to understand, he was assisted in. putting 


thei rods atogethenm ito dete rmine;stherm relative dengths. 
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Riter theysubjectiarmivedl atatheecorrecthalignentes procedure 
and responded to the question regarding their relative 
lengths, the black rod was removed. The subject was asked 
tomapp ly théescalipers seouthe, oranvej1od., [he icaliners 
giways titted thesovanvessitreksinetne liusion items. Both 
Stweks were then placed inethe, iMlusion cards and thessubject 
Wacsmasked |) “lie Volmputeridsces (Calipers) fom this )( pointing to 
the vo Lack Tod) Mwoulds 1 t.ooke Mikes thts mares, Or stli's 
(POmmt 1g -Siccesscinely, at the model fits). ) Find the candy." 

Total: tes tineatime bas ted about twenty-five minutes. 

NG Thies aie tne «Cratnino session andrin tie LeSit 
Were Of Unroomuinds. sll) athe ob gectwasi so (cm. shorter than 
cies pal Ort heomoalinerS C2) tiles ObneChuwas, equal to mthe 
Span. Odestive ca linens, «and U5) thesobjectuwas 4.5. cm. Longer 
than “the ‘span ok “the seali pers. 

ihescalaperss were used. Co communbecate sto the sch lid 
a precisceanGgeaulalbs guouUSmdGLInnt1OMm (Oo, Lier responsemeri teria" 
(Sawada, 19605 p22 120). 

tiewchwldiadenoL meas ume ethers amesopj,eet twiee. Thus 
there.was no indication of ‘the ;conditions- under which a re- 
measurement wouldseive the same wesults candvins this way feed- 
backiwasseacudy controled wer hencerms=theweal i perse did, not 
serve to induce the concept. of length conservation, It may 
be argued that the candy reward used in the response 
apparatus was a.means of reinforcement. The reward was used 


only as an incentive and motivational device and is by no 
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Means UNtque srenthewuse od calipers: orithe iresponsie 


apparatusmusedyine cases Clidyv, 


Tes tin pe@Procedure (tom, Verbal Conservation Test 

The materialseused sim theasverbalyconsenvatiGneces t 
-- Cuisenanre-type mods. andyplasticine =; were identical to 
those used sin theenon-verbaleconserva tmonmeat. 

The tés asweadmmmastered individually: by the janves ti - 
gator invgeaprivate, zoom an jthesschools 

ABSIOLU (vatmimce sess Pon pre cedeuy tie «actual test. 
Wo, nodstw One  Oranvemand one: Dilackero tt ecudlesomothh G9: “cm. } 
WeTCpsluidmetowardmene sSUbjCCinemiewwas. thenyasked Are they 
Piemsanem lene titcus iietne es tlbyoet lad, ditri1culty wnt cormectly 
ali gningethesnodssghesWasmassistedwbwethessinvestigator. 
After respondangecorrect ly wasSmuo tne Telativestencths of. the 
rods, ometrrodiwas iueplacedibyy TodseiOk poem a.wo. Cimerand 1 cm. 
leng thse eeiies SUubte Ct mWwasmas kcumm 21 14 VOU, pitt Os ema CKs 
(iNdlcC aGeieeo ener acl aemalids Lacie ods) Ina situament line, 
are theyethe = anmcetcnotn aS \thisa sticks” (indicatinegmthe 
9. cm. rodjewe Agari wthe SsubieCtmNacmdce ho tc GamiitmLe Jcoape rienced 
difficulty ein connect ly Sal voninomties Godse elise t raining 
continued with various, rods un tu letnemoupamcorecould: cas ily 
align the rods presented to NmirgGieunc my) se ouDye CTS 
CAlletetaAcMih hye Ghwseprmocedune: aiter two or three” examples. 

le enceurace the stbyect to think carefully about each 


response and to help ensure that he was doing his best, he 
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MATERIALS AND SETTING FOR VERBAL TEST 
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wis. memardede wi thea candye foaneacht correct. response. indn 
cases) where? acsubjectogave: quite’ a: number: of incorrect 
responsesrhe.wasatolde toithanktcarefuldy(butathateit- was 
important.not» to feel upset: because he was' not expected ‘to 
coretien alspconrect, Ualhewinvestigator teltiit important 
Eomesitaplashethis atmespne re. since children. at ‘the: age of 
thosevaineithe) study are generally most anxious to please. 

Ini thestirsanatemeotithetwerbad conservationcitest 
two rods, one orange and one black, of equal: length (10 cm.) 
were slid toward the subject who was asked, “Are they the 
Samehnd@eneth?'" After the subject had correctly aligned: the 
rOdse--stheiriend peints coterminous --/and had responded 
reve nero, theure redativerlength, ithe wsubject: was asked" £o 
pay careful attention to what the investigator did. and said. 
The) orange rod was translated a. distance of approximately 
teneanches “untovaybook.” Thersubject was’ thenwasked, }'Are 
they. the same vlenetinnow, sors sone Jongersorm shorter’ then 
thehother?Nolf\theré wWassindicationeof difficulty in 
understandingtthesques buen fei tswasarepeatedwoncecorihe 
order of the components of the question were changed so 
thateeachfofethecthree componentssin the questionawasaplaced 
frrsteanuequat number*tofatames:. 

Inetheordlusionssubtéestithessubject waseaskedhto 
compare the length of two rods as in the previous test items. 
Then both rods were placed in the illusion corresponding to 


the particular test item and the subject was asked, ''Are they 


+o. oye oils aa noht ha aida Ooms ; a og bes 
-senolq ot evo bine yom ar, ‘xm yous 9 bezods 
yeas fo Ltav1 9en09 isdroy ‘ens to modi gexkh * oe 
(\in2 0L), dggnet: Taupe: 40 Adate) ofo ne Rint om 
att yoda ‘ex AM (bores, daw sidios ra fe a 
eilg borg bis ih spaate> bind Pai a ¢ 
bobnoqeat bed bas an eu cnitlaga Be sit 
ot bodes. agm 4 saotdue ous fit sok ad a: . 
sGbes 2 brs bib romegiacovad ent » andw 0 on 1 eoiinesan tw 
“il etemixotags Ro ponst2tb ‘3 ‘boght ann) aw ‘bos | as 
ax" bodes, nod 2a sos tdue aat wiood s ot mu | 
susstt rebtode to regnol ono 2k tO want ‘dtgnet om 
me ‘atin aib to noftbaibink au ak: ahi a 
edt ,95a0 borssqor. enw 18 (tod eenp edt» ihe , 
oe bosands vei Yoltesup 29/30, stnonognos at 4 


i 


thegs anes léngth, aordisseneslongerhthansthéeeother?! «fhe 
wondingsyofrthesquestrons variedislightdly »tosprevent «the 
subject from attaching undue importance to the order of 


Eneewords=, Totalmtestano time lasted about twenty minutes: 
IV. SCORING? PROCEDURES 


Achievement Test 

Thrsetéstreontained bwentyarive Thems dandeeach jmtem 
was scored l.or 0 according to whether the response was 
correct. orenots:-Thesemrawiscoresewere fusedein |) theoanahysis 


Ofethes data, 


Horce=lhormdikes=iInteliagences Tes t 

The Geaw (secOreseWwete Used. im) Con yunct1on With, the 
Supsect’s: chronological ager torobtain the: intelligence 
quotient. as siven in-Examiner's Manual, Lorge-Thorndaike 


Pieeiin pence mec t. 


Verbadnand Non=Verbal Conservation Test 

AS Vin sthewpreviouss tes ts, each,item-was «scored 1 or 
Vaedepending.Ole tie response. ~lhere: was, no judgement.of 
deerecs: 07 secotmeciness.01 Fresponses.. anduany pverbalization 
by thessSublectewas notvtaken into. consideration in deter- 
mining thesscore, This study investigated: relationships 
between methods of measuring conservation but did not take 
the Various smodessot Fationalazation into «consideration. 


Subjecesswho- obtained: seventecn.or more correct responses 
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wemreeciassattedsasiconservers. Ihose subjects who scored 
fourteenn ormdessn correct responsesiwere classifieds asnnon- 


Sonservers* 
Vos CON TROUS BUIiis UNTO THE TES Po 


Aghievemente Test 

Thee achievementtestqwasuyadministered as aagroupatest 
byethed investigator) andmanwassistantia)Tovaidstheasubjeets 
Com told oweltems@inkiproper sequence, pictorial symbols were 
used in the left-hand margin: instead of numerals to number 
thestes¢€ iternsrpelhiseprovedatosbe morepsatisfactory. than 
numerals,aasiusediin théspilotastudygesunce-subjectsedidanet 
eontuse pthei number. ofethee testhritemsgwathtadnumber contained 
in the items»!All the»words on, theeachievement testm(Appendix 
Ayfwere wéadybyetherinvestigator' and repeated once. This 
helped to)insurejithatathersubjectsecteardy heardseachwword 
thathwasespoken thestatangsthenproblem todwhiachitheynwere 


townespondes 


Conservation Tests 
in al atcenpe. CO. Minimize the error, efforts were made 
CO, control foree cing, perceptual cucs and -<guessine. ‘These 
CONtTOls arercimidar to those suggested by Smedslund, (1965c).. 
In-both conservation; tests, there was a training 
session to insure that each subject understood clearly the 


instructions and, hence, knew the criteria to which he was 
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expe otedatosrespond: 

hevthe non-verbal test, calipers. and the response 
apparatus insured, that peach ssubject perceivednthe -initial 
comparisons: «In«the!training»=séssion; ‘each subject was 
asked to ‘tell about” how the sticks fitted’ the calipers on 
the response apparatus. Moreover, since the subject always 
app. biednthe fealipers; his active ‘involvement +in manipubating 
the -rod.into theycalipers would increaseésthe probability 
that he pence ived thow sthée erod fit. 

In jbothsecomservation tes tspsecachntimécassubject 
appcakced ytomborcet thdem tweialivint or comparison, he was 
shown it again. The object again underwent the appropriate 
transformation and the question was repeated. 

fheyitollowinge precautions were taken to minimize the 
Gimieces DO guessing. 

(1) In the non-verbal conservation test each one 
Ophthe«edoors tun; ttheidrésponsemapnpanatus, led tto thaecamdy 
reward an equal number of times. 

(2) ‘In both conservation tests there were non- 
conservatboneds; welhk has; consexnvation yietems).) edThnis sguarded 
ardunse ybine pessimbirltyi cof- arsubiiidetnassuming total 


sechangelessness;' ysartuaitsons : 
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conservation tests and involving twenty-nine children on the 
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Soame comer’ caer was “Carried Out In late January, 1970. 
The purposes of this pilot study were to examine the 
following: 

(ly° Phe*wordine of “the verbal vques tions » >> 
espectally “the ‘vérbal “conservation test and the "achievement 
tes O% 

(2)"" The? dengths* or the various “tests ¥#tlt was 
Mieortanit, LOx aueure, adnanaisterineg of the tests; toimote 
Sutcap le places waewe wie tests should be divided. for ‘short 
foot Pel.cds, fOr tie subjects, 

(5) “Ihe reastoulaity "or broadening the sample to 
tmeruce youve, or older children. 

On Cie Dosis Of thus pidotrstudy, (tne. inal moditi- 


Caulons in tests and testing procedures wers made. 
Vil. “ANALYSIS 


An item analysis was carried out on the mathematics 
ach sevement: Cest-and both CoOnservatyvon tests.” The*ainterial 
CONSIStTENCIES Of The Tests Were dssesseud by using the =khuder- 
Richardson Formula 20. 

The relationship between the variables of mathematics 
achlevemenc, CONservation, Intelligence, -sex,-and socio= 
economic status were found by examining the intercorrelations 
by means of Multiple Linear Regression Analysis. Where 
necessary parcial) correlations (were: computed: and a. t-test used 
to. test whether a partial’ Correlation was” significantly 


different from zero. 
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A t-test was. alsomused tovdetermine which subtests 
OPRtNe "Goncer vation testa were Superior as predictors of 
mathematics achievement. A Kolmogorov-Smirnov Test was 
used to determine Sif 7thereswas avsitewiiveant dite réncel-in 
the number of subjects who were classified as conservers 
GPINLONACONSe LEVELS ton PONE BWo types of conseavation tés ts 


used. 
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CHARTERIVIV 


RESULTS OF THE INVESTIGATION 


This chapter reports an) evaluation of the ins tru- 
Hemus Used. ii Uirenp resents tudy,  octatter Glagrams and 
conre lation *cocisicirents are showaato indicate theSrelation- 
Shaw between major varrables. The” results: of ‘testing the 
hypotheses and other tests made on the data are also reported. 
The analyses reported in this chapter were carried out on the 
IBM 360/67 computér using carefully tested programs from the 
Digision Ot rducad wongls Research Services. of the University 


ofvAlberta. 


A. ACHIEVEMENT DEST 


The “mathematics -achievement test was ‘administered, to 
themcocal sample usedmin thes cudy ,"eror this samp lie ithe 
Meay .O1- (the wach evermient (test was lo 79> ane ithe Vanlance was 
ono, Mtfenculuy coctticiencs were, calculated: tor each 
item by divraing the total “number Of Correct. ,espomsesepy, the 
CGad gum ok MOjarCSpOlce ss el Vel@LO, aliekeen.. bivesie. ane 
Teporced wily tao Le Bi. as pe Gcompaces . 

Theticoms On ereatesc dhiticulty, numbers 11> ih amd 
17, wére all contained in the geometry subtest (Appendix A). 
brens 2695 ¢aneds1¢. whose, Ltemedititeuity. ranged. Prom 33° to 
35. per cents swere all] contained@in the numeration’ subtest. 


The additvomiand subtraction subtces t showed greatest 
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TABEELS 1 


PTEM PD LEASCUITY. OReACHIEVEMEN DPIESIR EXPRESSED CAS- THE 
PER CEN ROE PSUBUECGISSGLVEING THE CORREGE SRESPONSE 


(N=100) 
Gem Peri Gent Item Per 1€emet 
Number successful Number Successful 
1 57 14 95 
Z 87 is 50 
E) 83 16 20 
4 70 dk 7 Ze 
5 ul 18 ee 
6 75 19 1s 
7 53 20 75 
8 60 75h 54 
9 82 22 (hf) 
10 58 D5 oa 
ihe ail 24 68 
12 46 The 48 
13 86 
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FABLES’ V 


REDTABILITY. COEGRICIENTS: OF THE MATHEMATICS 
ACHTEVEMENT TES AND TIS SUBTESTS 


Test Number of Reliability 
Items Coefficients 
Total Zi Oy 29S 
Nume ration 7 0.426 
Geometry 9 0.626 
Addition and 
subtraction 9 0,820 
test. For the total Sample thé Skewness was -0.151, and 


the kurtosis was’ ’-0.304; 
ihe biserlialacorredations comparing cachyitems te 
the, total fest ranged trom ZU lonki temarive, to 0. §/og0on 


item nineteen. The mean biserial correlation was 0.466. 


II. CONSERVATION TESTS 


the verbal*and non-verbal conservation tests were 
each administered tor fitty. subjects ‘maligm..a total sample 
oF SONeCmMUNdTredscradcuonegchthdren. MBoth conservation. tests 
contained fwenty-four items. The tests were made up of the 
FOU sSUDLCS (seO2 translations, rotations, non-conservation 
DLCMS Ad itlesi Klis hOnedatensmGAppendiucessB and €),  , The only 
basic sand a npomtant..ci.tierences im the stwoetests. was that-one,; 


the non-verbal, was administered using response apparatus 
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and calipers whereas the other, the verbal, did not use 

any response’-.apparatus) “other (than Cursenaire-type rods. 
Inthe verbal test instructroms' Vand the subjects' responses 
were given verbally. Gorresponding tems in both-stests 
measured identical *cencepts. 

DIrrreurty— coe trerentrsrwerecarcutatcda™tor=-cawene1 ten 
CimpDeth (conservatlons tests. ‘These ditficulty coeihicients, 
giving the proportvon of correct Yresponses to each sitem, and 
tiewdvtlerences mlm Lemedaitticulty ‘on, both i tests <rare 
reported@in Table, Vi. 

One tie Verbaie west, 1cemeone was answered Gorrectly 
by only 50° per centvot the sample sin ‘the verbal croup whereas 
Tome WICC ewOmeiemOn-VeroalsorOlup Paver, COLrEeCt responses to 
Cavs tem. [his tend was. obserued in, the carly stages of 
the collection of the data and care was taken to-imsure that 
the training session which preceded the testing was adequate, 
Fovevey.,. Cheuparre lms sown site lan le avi... Gon tanued, GO 
develop. 

Table VI. shows that ‘on both tests,-item thirteen, was 
anoweredecOMrecCely Jove Ol ya o0 maids Del Cent. respective ly, 
This relatively low percentage may be due to the fact that 
thas Was the firs tanon-conservation item, on, the tests. 
Despite sthe fact whet subjects wwere, asked to pay chose 
aLTeCntiOne to what the, invesiticator did -and said, apparently 
many subjects were unable to accommodate the change introduced 


by thas concept . 
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TABLES 1 Vi 


ITEM DIFFICULTY OF VERBAL AND NON-VERBAL CONSERVATION 
Bio Love XE RESSEDEAS ieee ER CENCSOP sUBJECTS "GIVING THE 
CORRECT GRESPONSE 


Item Pemeeei Suc Ce $$ 0u Distéenence 
Toe Verbal Non- Verbal 
(N=50) (N=50) 
1 50 98 48 
Z 82 95 iS 
3 90 95 5 
4 63 91 28 
5 74 90 16 
6 82 95 iS 
7 60 O7 Dh 
8 90 91 1 
9 55 05 40 
10 84 97 digs) 
11 84 88 4 
EZ 94 84 -10 
13 50 Ba i, 
14 87 59 -28 
+5 60 67 fi 
16 ja 50 -21 
7 40 47 7 
18 89 87 - 2 
19 40 Va onl 
20 AS fig ce 
Zt 47 84 57 
22 We 67 - 5 
23 5D 69 16 


24 68 89 a 
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Peemrsevewlecn presented Gidt hCUltY .CO. Many. SUDJECtS ; 
Dies COLLeEcCt Vesponses, fOr DOun Proups were less Lor Ults 
item than for any.other item on the entire test. This may 
be die’ fo the introduction. of a new material, “In these rrem 
plasticine was used instead of Cuisenaire-type rods as used 
in the previous sixteen items. 

THe€te ae Trevduivewy warGendiLrerences i the percen t- 
age Of COYrect Tresponses "on PLems seven, Nine and twenty-one. 
Perhaps this is pronounced because of a Common Character- 
isti¢c-of these items. Many subjects an the verbal group 
Seomed scOMmCOntUSe pte dea, Otme longer Withee eeher aiid 
Boater Ol eXxANialtOlmeO me Lteiis SeVele. Mime, diva. Ewenuy - 
one. 1t is apparent: that this misconception was: operative. 

On “the non-verbal tes taamwhere. the word 'longer" was not 
usiedsn theme wasp mo-apparent difficulty... Sawada,(.1966) also 
Pep Giabeeleo i Cent ite Ren Cen tia IG Cy te OuUt- plane. and 
in-plane transformations. 

Tapte-Viv=ndreatesfur the r-tirat there we rer or po th 
Sroups, Only Sligntairrerences an the ditiicuity of 1tems 
INVOLVING Evanslations and rotations; that 1s, items one to 
Six And bees, seven, CO\tWelve respectively. 

The non -comservation subtés presented the, greatest 
dnibucuakiy f£or-the non-verpal group, Perhaps the .element 
OfetOGCCLiIne was Not adequately controlled in this subtest. 
The verbal group experienced most difficulty with the 


illusion subtest. It was apparent from the subjects" verbal 
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TESPONSES wach att ucmWesm due Wor themcontradivetory+inatume 
Osten 7 usualecuecie Iiheywtound: Migdarte cultmto sepa rate 
they objects any the illusions, from the objects: which comprised 
the dildiusaon form, The question asked the subjects) im the 
non -werbadsseanoup ——— "How would this: (black rod) look 1% you 
Lito iierewiecaignewa Bo nayehave: Decne SiUumt eens acisas t - 
OMmcCee ON. MOS Otaar ei LOnwasuadi ze. the, sepanatwon of fopy.ect 
aidn a] lusaions form, 

ihemrewiability Gocrt cients, for theyswerbal and non- 
Verba WNCONSerVatuOn tes tomancduthielrme subtests ares presented 
Ui abe Wil eeheuLab ml aGymCOCt Neen ts, Or the conservation 
tests onmnre O0MandmovON Tespecrimelyewere Calculated, by using 


the Kuder-Richaxrdson Formula, 20, 


AlosMeyligee NEIL AE 


ReLABG@LITY COEFFICIENTS OF THE VERBAL AND NON-VERBAL 
CONSERVATION TESTS AND THEIR SUBTESTS 


Test Number Re Jalon ality, Coefficient 
of items Verbal Non- Verbal 

eta 1 24 . 790 £16726 

Transidiations 6 we i185 . 546 

Rotations 6 .034 Si bell 

Non-conservation 

Items 6 ay 2495 

Li lus ons 6 OSE. 2594 
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It was. concluded from the internal consistency as 
measured by the Kuder-Richardson Formula 20 and from an 
veem-analysas' of the conservation tests, that thes tests 
functioned weil using “the abidity te consérve, length: as 
Ene Cr terion, 

Tie? distribu t Pongo les coresm on othetbesyerba latand 
mon-verbal conservation, tests 1s shown invFigure©. The 
means, standard deviations, skewness and kurtosis for both 


conservation tests are reported in Fable VIA h. 


TARDE Viet] 


MEAN, STANDARD DEVIATION, SKEWNESS AND KURTOSIS FOR 
VERBAL AND NON-VERBAL CONSERVATION TESTS 


Mean Standard Skewness Kkurwosis 


Verbal 
Conservation 15.380 5.07 =e leo 0.010 
Non- Verbal 


Conservation 19.50 Dei e -0.373 0.445 


Using a two-tailed trtest it was found,.that fhe 
mean one themverbalwconservation test was. Signitiacantly 
diitement rom: the mean on the non-verbal testpat: the s01 
level jot significance: 

Subyects, WhO: pave Tourteen, or less corre et. responses 
were classified as non-conservers. Those who. gave.seventeen 


oY Mere coruect responses were classified as conservers. 
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NabhetiXoprésentsethe number of conservers. and non- 
conservérsfon both conservation rtestsoneThe datacan this 
table was subjected to a Kolmogorov-Smirnov Test. and the 
distributions on the verbal and non-verbal tests were 
Significantlyndpitewentiat.the .005 level. (A maximum 
déviati on) requiredaroresientii¢cancesat. the al0QSeleveltwas 


0.3097. A maxtmumadéviation of 0.3965 was obtained. ) 


TABLE IX 


DISTRIBUTION OF CONSERVERS AND NON-CONSERVERS ON THE 
VERBAL AND NON-VERBAL CONSERVATION TESTS 


Test Conservers Non-Conservers diglayn es CA 
Verbal 23 18 4Al 
Non- Verbal AS 2 47 


lTdve@i GCRESULTSaOFadESTANGalTHEnHYRPOTHESES 


The correlations among major variables were computed 
Using the Esl U2 <computer program. Thsseprogram calcudates 
the correlations among the variables and the probability 
Tatios associated Wwitn these correlations. Conrelations 
and Silenipi cant probabilities are.presented in Tables x and 
Ki. Glhe wesultswot testing the hypotheses are reported in 


the. order in which the hypotheses were stated in Chapter I. 
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Resultseot: lypotnesis’ One 

inere vis noesieniticant relationship between (tie 

ability to conserve length as measured by: 

(a) anon-verbal conservation test and achievement 
1m mathematics ¢ 

(b) a verbal conservation test.and achievement in 
mathematics; 

(c)i' a non-verbal conservation test and achievement 
ipmathwematics., Controblime tor the: eriects of 
Lice i gence: 

(aja a werbal-conservatiion test and achievement in 
Machematics, eGomterodlliive por the effects of 


iced to eniees 


Results. (a) Non-verbal Conservation and Achievement. 
TablewxX gnidicates Chat mone verbal Conservation correlates 
SPOniiicane ly with “achievement beyondathe. .0s<level of 
Gon oences  lhis relationship 15 Tidustrated in the scatter 
diagnam: oi@ Figure 7; Am examination of the diagram indicates 
that wf the forty five Subsjccts=who were. Classified <as 


> 17) on the non-verbal conser- 


CONSCMmVe Sm UCORTC Cl To SiDOlsies 
Vation test, twenty-six (5/.8 pergcent) obtained, an achieve- 
ment Score greater ‘thanfor equal tolthe mean of, 15.84 of the 
ach@evemensg wes tem (Bomiesubjects whe weresclassified as non- 
consiemvers® (Gorrectmresponseses¥l 4)8 on tthe mon-verbal: test 
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Non-Verbal Conservation 


FIGURE ii 


SCATTER DIAGRAM FOR NON-VERBAL CONSERVATION TEST SCORES 


AND ACHIEVEMENT TEST SCORES 


(N=50) (r=0.316) 
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of the achievement test. 

On whe basis of these reemlis it is; with only a low 
degree of confidence that achievement scores can be 
predicted for subjects who had conservation scores greater 
than or equal to seventeen. Perhaps a similar prediction 
cannot be made for the non-conservers. The small: number of 
non-Consernverspon the non-verbal, test limits any generalization 


for this group: 


Results. .(b) Verbal Conservation and. Mathematics 
Achievement. As ms é€vident.from Table XI, there is a signi- 
ficame ~posa tive correlation, ~atethe .001 level, between 
verbal conservation and achievement. This relatively high 
corresiatiton, comparcd*with =the Correlation between non- 
veTDaw Conservation ,and achievements, may be.due in part to 
the verbal nature of the achievement test. However, it 
Gannde be ascertained swhetheretims fiverbal factor contributed 
Signisticantly to the correlations abtaaned. 

Thefrelationship between the verbal conservation test 
scores andathesachievement test sceres 1s allustrated an 
Figure S. BOL Ghe twenty-three subjects who were classified 
a5 cOmservers (correct responses h/) on the verbal conser- 
Vatiom test, twenty sone (91.5 per cently achieved .a score 
equaleto om greatereathan the mean (16406) on the, achievement 
best, Of ghemerciteen subjects who were classified as non- 


conservers on the verbal conservation test, fifteen (83.3 
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Verbal Conservation 


FIGURE 6 


SCATTER DIAGRAM FOR VERBAL CONSERVATION TEST SCORES AND 
AGHLEVEMENT WIEST SCORES 


(N=50) (r=0.623) 
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per cent) received a score less than the mean of the 
achievement test. 

On the basis of these results it'is with a very high 
degree of confidence that achievement scores can be predicted 
for subjects who were classified as conservers on the verbal 
conservation test. “Achievement scores can also be predicted 
With 1a ‘high *degreenof confidence forasubjects «who swere 
elassifvedtas non=conserverston ithe verbal conservationetest. 

TablesxXiivindrcates that the®verbal*tonservation 
Subtests “of translations; *rotationsWand illusions may De 
Superior to the subtest containing non-conservation items 


as'*predictors “of 'mathematicswachievement. 
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CORRELATIONS OF CONSERVATION SCORES WLTH TOTAL 
ACHIEVEMENT OSGORES 


Conservation Verbal Non-Verbal 
Tests ONE SU (N2-=350) 
CErr. Cratio Cori. £ ratio 
Toi) FOZ Zone 5. ol 55562 Laos 
iveans Lat ions O05 = pada ews be ae ae eile: 
Rotations e400 1** 5.079 aul ONS 1.949 
Non-conservation 
Items . 5286* 2A .2666 1/926 
DLs aos ~ 3839 ** 22s80 ~2394 Le es 
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Results. (c) and (d) Conservation and Achievement 
Controlling ghoretheyoitects CorshaQayiihes conre lution 
coefficients referred togin phe preceding pages of this 
chapter have indicated the relationship between. two variables. 
HWOWeVvelry Gt, is Uildnecly Clat a eneall St1lecus tT tudt1oOn wexises sin 
which only two variables are operative. In this section 
Boe lLaieCOllLolaul Ons i vOLV LO. Enewma) Ot uValT al Less Om 
aGnieVvemenlt, GOnserVvatlonm, andvintel lisence are discussed. 

Kifwasmedwlier idreated (Tabres”X and XI) *that™a 
SYenrrrceayt corre lation existed "between Conservation, both 
verpal*and- Non-verbal, and dacirevement. Ihespartial 
correlation coefficients between conservation scores and 
achievement scores when the differential effects “of I.Q. 
ale cOncrouled On ale eo lVeInei sl aptem CEE, ati tsoytabp Le 
indicates ‘that’knowledge of “conservation “scores on a verbal 
Scrservactiror Teste sigi1t reomely sImproves “tune abtlity. to 
pred fc tl each fevenene ecoles mmademon tie Dasis .01 “1 70a Scores . 
Kirow bed ve’ “of "the “conservatron scores on a non-verbal conser- 
Maton Ces touoesunOtopermit saestonificantly amproved 


prediction of mathematics achievement scores,made on the 


basis Of 170. sconesn 
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PARTIAL CORRELATIONS OF CONSERVATION SCORES WITH 
ACHIEVEMENT SCORES: CONTROLLING FOR EFFECTS 


OF abzQ 
Achievement Conservation Banta poratio 
Correlation 
Total Verbal Or oy 7 S50) 
Poreae. Non-verbal AR KG) Opis ice 


SS cmitr .cant atone . Oe evel Gta. 6. 5.06). 


Comctus tons, On tne basis Of these results, “parts (a), 
UbjruatkGenec, Weles@ewec Led. “slictcawas A 5 fOhitricant. reiation- 
ship between conservation, both verbal and:non-verbal, and 
achievement in Mathematics .) “where was 2150 4 significant 
correlation between non-verbal conservation and achievement 
when the.effects of intelligence were controlled. 

Part (d) of Hypothesis One was- accepted. When the 
OiEberentlad gern CGlse OL a swore lcontToOlled tor thete-was 
VOC sa SLO isi Cant Corre lation between nom-verbal conser- 


vation and mathematics achievement. 


Results, of Hypothesis .lwo 


There aS eRO ecb itt re lLatonship between: 

(a). mathematics achievement and sex; 

(b). ability to. comserve length-as. measured ,bysa 
non-verbal test and sex; 

lc) — ebadaty, toy conseave-lenoth,. as. measured! Dy fa 
werhale test aid. sex: 


(d) mathematics achievement and socio-economic status. 
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Resultse (a) 25 (bi) eand. (d).. There was: no significant 


relationship between sex and mathematics achievement or 
length conservation as measured by a non-verbal test. The 
correlation between mathematics achievement and socio- 
economic status was not significant. The data on which this 


information is based is reported in’ Tabile® XIV. 


ReSUltS. ley. sbdble lV inal1cates asi pnit1cant 
pesitive correlation, at the/.05, level, between,sex and 


conservation assmeasuredspy a verbalytest. 


Conc lush on? ++ Parts’ (aje6 (6) fends (4d) of Hypothesis .Two 
were accepted? *Séx* did’ not° Correlate significantly with 
mathematics achievement and non-verbal conservation. There 
was no significant, correlation between mathematics achieve- 
mMenty and. Soc1oO=economic Statuses 

Pant ((e)mor thivsehypethesisswas rejected,. There was 
aySueonti1cant corre laurom De tween) Sex ‘and; Verbal conser- 


Vicon . 


TABLE ~XIV 


CORRELATIONS OF ACHIEVEMENT AND CONSERVATION TESTS 
Wier ee Ne CNN Det: eile 4 


Tests Sex S.hue™ 
Mathematics 

Achievement .086 21S 
Non-verbal 

Conservation 2 -,085 
Verbal 

Conservation Ro eee .088 
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Results lof Hypothesis Vihreé 


Thére is tne significant >révationship "bétween: 

(a) “the ability to conserve length as measured’ by 
aewonrererbal conservation, test and intelligence; 

(b) the ability to conserve length as measured by 
a Verba iCOUSerVautonptes tana ince Llicence.. 

-e.). i. Nachvevement. “in ‘mathematics "and-intellirgence, 
controBling for the effects *or non-verbal 
CONSErVallOneScores : 

(d) achievement. in;mathematics-.and intelligence, 
GOMtrolling ,hougwuhe eitectshak verbal 


CONSE TrVation Scores. 


Resubts. The datasginuwlable xX (page 6S) indicates no 
Significant correlation, between mon-verbal conservation and 
five lligence. “lables Viel page aU) imdiucates fa S lonl tilcant 
comre lation wat jthe” 00 te level sbetweensverbal: conservation 
Allee ite bigence., 

In- Opde wm sic. ascertain whether lL OCeLSestontri cantly 
eerre lated, with mathematics achievement. when the differential 
6fLECts Of conservation are conerolled for, partial 
correlations ybetween achievement scores .ande.1 .Qs awere 
Calculated -alhesewarearonorted uinwkable XV. Lhis table 
indicates. that “the knowledge, oO 1.0. jsicores does not 
con tribuse. Ssioniticant ly stoqlhe werediction of achrevement 


scores when the effects of verbal conservation scores are 
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COnCTOLEd tor. towever, ~the woartialcotrelation, was 
Significant at the .001 level between achievement and 
intelligence when the effects of non-verbal conservation 


were controlled for. 


TABLE” xv 


PAR PAL GORRETATPUNG OF Nun LoveMENt SCORBS: Writ ol 207 
CONTROLEING FOR THE BRPRECTS OF CONSERVATION SCORES 


Achievement Ors Partial tera 
Compre Lat vor 


Total Verbal Group .246 De oNS 
Total Non-verbal Group e452" Soe 


PROC Meleant watethe, 7001 Tevek (tC 2S 5506). 


Gouclusdon, | Part (a) "of this-hypothesis. was 
accepted... [hereewas: NO Significant correlation vetween 
NMOn=VeToal conser Valion and; infeed lagence;, 

Parts (b) and-(c) were rejected.. There was: a signi- 
freant cotrvelation vat. the. V0ls tevel between inteliivsence 
and. venbalse conservation, and, between anteddigence, andi achieve - 
ment when the effect of non-verbal conservation scores was 
comtiro leLed: dor, 

Part (dJewas, accepted «f Theme: wasino suenifacant 
conrelation between achievement scores: and intelligence 
when the effect of verbal conservation scores was controlled 
for. 


The results of this hypothesis seem to imply that 
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some verbal Momporentimeither mm an 1.0. test or in a 
verbal conservation) test, is necessary to. obtain a,high 
degree of confidence im predicting achievement.scores from 
17...) OF JCOMServatron Scores; | it further: indicates. that 
achievemene:scores can,~be predicted with a high degree of 
confidenceCif verbal conservation scores are known and 


errects, ofoinl)..scomes ,are.con Grolled, for, 


Results of@iypothesas (Pour 


emcee isan siendticanttdifterence between the mean 
score on theinen-werbal length iconservation test. and verbal 


length Cconservatiron test. 


Resulits’. | Phe mean scores (on the non-verbal length 
conservation test and: verbal length. conservation test.were 
Saoniticantiy different at. theg.005 Jevel, This. information 


1s. reported anwiable Ll, 


Contlusien. | [his hypothesis was.rejected. Although, 
the subjects who were administered the verbal and non- 
verbal: comservation tests. formed=two distinct groups, the 
informatieg joie in lable I om Chapter t11 indicates. the 
groups Welle Mot Ssioniticantly qimterent with respect fo 
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IV. SUMMARY 


This chapter contains an analysis of ‘the various 
insitruments. used- inwirmemsitudy,, and the results of testing 
four hypotheses which were associated with the major purposes 
Ofathe study -asioutlinedsin, Chapter T.. 

Ine yiaersitepumpese wo fethe study was to: measures'the 
concepts ofe fengtheconservationy by (usangia verbal» andvasnone 
verbale method .s° hte wase found’ thatessubjects who weresadmin= 
wieredwmthe@non-verbal? conservation *tesit obtained! ay signi 
ticantiyehighers conservation score ‘than the subjects’ whe™were 
admind sitered! the, verbal “consemvation test. 

Mie Majer’ purposes of Che* present Ssitudy- was: tor compare 
themwerbal and: nion-verbalomethods, of measuring Length 
conseTVation ast predictors ot mathematics! achievementi®* Both 
thes verbalyand non=Verbal me thods¥were: significantly related 
to achievement. ~Howevens, “the Sesulits uindsecated that’ mathe - 
maties achievement ‘scones ycanMbespredieted. with avghigher 
eeerees or) Conf dence when —tiewverbal conservation Scores are 
known as opposed to knowledge of non-verbal conservation 
HeOmes welts thence iteeces OCmllnO. arcu cControl led for there 
does not remain a significant correlation between mathematics 
achievement and non-verbal’ conservation but there. remains a 
Svonip cant) comealatron, at the 001 Jevel’ between verbal 
conservation and mathematics achievement. 

Implications. arising from these findings will be 


diseUssed un the: next. chapter. 
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CHARTER vey 


SUMMARY, DISCUSSION, IMPLICATIONS, AND 


RECOMMENDATIONS 
IT. SUMMARY OF THE INVESTIGATION 


Thespresemt study twasi ides fgonedeprimarily ptosinvesti- 
gate the role of conservation as a predictor of mathematics 
achievement. Attention was focused on verbal and non-verbal 
techniques of gauging length conservation (Appendices B and 
C). These gauging techniques were studied for two reasons: 
(1) to €sitab lish rfor ithe tpurposeseiathirs 45 tudy jy) Which 
technique r=-) verbal don non-verbahel+ obtained saipliingheremean 
Scone , Gand a02) tveninves teeate ithe weeka tiionshrepectadt le es cones 
resulting sfromieach technique ttortheeimportant tvantableswof 
intelligence and mathematics achievement. 

Im tordexr ttowgathersthesniecessanyiudataha sample tof 
grade nonenchirldréenmwasi selectediandeseveral ins truments:iwmere 


employed. 


Sample 


The: sample-of one hundred «rade one» children, torty- 
Crght boys alld wiaty-two girls, was: chosen by randomly:seélect- 
ine One serade onewmclassrOOMatromecach’or Tour, schools within 
the Edmonton fublve-Schoolgsystems, The ages of. these 
children’ ranged) fromiseventy-feur to nanety-four-months. 


The intelligence quotients, as measured by the Lorge-Thorndike 
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Lotelaaipentey Tesi, Form Ay - Levediia tran ged? from. 73-1998 
It was assumed that these children were representative of 


urban children sarotnd six totsix andtone-helt vears:. 


Instruments 

A mathematics achievement test (Appendix A) was 
cons tructedabyt thee inves ti gator? torm@useminrithet present 
Studyen Thisttest* cohs istedeorm twenty fivem tems® cons ti tuting 
the three subtests of Geometry, Numeration, and Addition and 
Subtraction Facts: **Thisawas administered’ to the complete 
Ssamplevas Jan groups tests urdhePKR= 208 redi abailatyvwased . 793% 

Both conservation tests. (Appendices B and C) were 
administeredoindividually.*)One half of thes sample, twenty - 
favecboysoande twenty=five> giris, wereladministtered the™non= 
verbaletest andthe other: halfvof theisample, twenty-three 
boys and twenty-seven girls, were administered the verbal 
Gestal Bothetestsoweretidesignedt tos measuretimhet conceptof 
lliengtheconsérvatronsin young. chiddrenvye rThetdistinguishing 
featureVoftthebdtestsowasnthebcontextuingwhichtthey) were 
adminusteredypoinethe non-werbal@pest@calipers and ‘response 
apparatus were used in addition to the Cuisenaire-like rods 
used. inNtheiverbalates te lerThenihsZ On re liabadityt ior thetnon- 
verbal testewasie0t626cCand*for theyverbaletest the KR-20 
relvabitlityniywass0m79.0. 

Most of the analysis of the data was done by using 


computer programs supplied by the Division of Educational 


QEL-80 mor? on sya" 
to avi seaneaet yes 


ae fine iF he ie 
. s8TBSY canta tgs * 2 OF x08 


= hh ie Ps %, 
yt TEARS) CN 
asw (A xibnoqgn) feet toomeve hipe 2. 


\tneeetd | ‘Bilte ng ay: ‘rod snoamgdzzount ade mr | 
gnituris edo emasi: ov ik “et OWS! a6 bovetengs Seog eb <1 ybuoe 
bra) mois ibbAr bas (nokta omut “NTT 9M09d 20 23 2etduaieerds edd 

\eselqmos eiit ot bereteiniabs ésw eidT ‘s2tast) mois ounadue 
200.0 enw ysitideifer Ons oat es | quorg 5 ae Si quee 
grow (9 bare a eavibsieqgA) acest ‘Mp iterrseno> A708 as sh 

-yInews, efqms2) ods to arte ante): eel Inubivtbad boveteiaimbs 
-nom edt bevereinimbs. svow!,etaig, ovitsysnews | bas -eyods svi® 
eerdt-ytaews volquis 2 ont to" tind: vedto srigebas) test) isdrev 


isdtev sds heteteinimbs)evew ,eltiy aevee>ysnews bas’ 2xod 
tovtqeanos eds <eTuesem- os bongizeb: erew et eer" tod »t293 
gnideingaiteib oT emombi ido: Brox niv opie sansiadtieal 
grew vod do istw mi gx93N03 ort eR etest edt etogerent 
eenogest bins areqilss tee2. Isdvavsme ods ar sber - : | 
ebor oti or isdoeiuD edt ot softibbs ni beeu stow r 


ee aae aie | OG og) 
“non ott 108 Wilidsiies reve hairs pny isdrey 


i Phe 


7 “0h aut tess indrev 


% 


gites yd snob enw, 
D> "OUtChe » Ul es 


Lanoiseauba egy re 


Ii bwviutile als ah aay 


84 
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Conclusions 

A SUMMNaGy OL tie 1 INGIngs vd ibe presented on, the 
basis of testing the hypotheses. 

Pt Was found that a Signddicant corrélation existed 
between the ability to conserve length as measured by a-non- 
Verbal Conservation t6St-and’ achievement in mathematics. A 
Significant correlation also existed between the ability to 
conserve length as - measured by a verbal conservation test 
ene ACh1eVetient it Matieiaticss. When the effects of antéldii+ 
penec were controlled for there Temained a Significant 
Correlation between the ability terconserve Jength as measured 
by a verbal conservation test and mathematics achievement. 
However, there wads No Silgniticant correlation between non- 
verbal conservation and mathematics achievement when the 
Girrerential Cifects Or IMcelligence were, controlled for. 

On the basis of the above Lindings parts .(a),. (b) 
and (d) or Hypotheses Une wereareciected.. Part. (c) was 
accepted. 

No significant relationship was found between mathe- 
matics achievement and sex or between the ability to con- 
serve length, as measured by a non-verbal test, and. sex. 

Pt was found, however, that a7si¢niticant correlation existed 


between the ability to conserve length as measured by a 
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verbal test and sex. The relationship between mathematics 
achievement and socio-economic status was not significant. 

Partsm(al)je(b)jaand \(d)@of@HypothesisoTwoewere 
accepted:: Part (c) was» rejected. 

Thetability tovconserve léength’as*measured by a non- 
verpalatest. didnot corretatetsicniricantly withvantelligence. 
Theretwas a’ significant correlation at»*the+/001' level between 
verbal conservation and intelligence. It was found that the 
intelligence: scores did not. contribute significantly to the 
prediction of achievement scores when the effects of verbal 
conservationss€ores were controdlledsforsieHowever Zcthere was 
a Significant correlation ‘at::ithe .001 level. between mathe- 
matwestachievementvandrintelaigéncey eontroliing forthe 
effects of verbal conservation scores. 

Parts (a) and. (d) of Hypothesis Three were accepted. 
Parts (b) and (c) were’ rejected. 

ime tmean Tscores von sthetnon-verbal Iéngeth. conservation 
test, méaniof Toes0feaid theuverbalalenerhecoiservarronetest, 
neareofriies 0 puwerets Pont ipeantly tditftéerentiat) theo T0065 


beyeh. anly pothes Tse@houphwasyethere Lore; Saccep ted. 
Il. DISCUSSION AND IMPLICATIONS OF. THE FINDINGS 


The findings indicated that mathematics achievement 
seo nes Van the Spredicrédjwithdachighidegréeemots cénfiidencerby 
using vérbalmconsenvation vof obéengthhscorés Cindependent. of 
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was found between mathematics achievement and verbal 
conserva tiontwhen* the Airenes Ofea gene intedaigencey Sex 
and socio-economic status were included. However, when 
Chet ecufectseofcanteliagencetwere. controlleds ior, *byaa 
partaalecorrelationeprocedtiress theme remained? aos ignifteant 
correlation between mathematics achievement and verbal 
CONSET VAL Ones FUTThSTMOTe ss ass ieniti Gent’ corréelationewas 
found between mathematics achievement and intelligence 
before buttiot@arters con troliingttrormthe effectspoefsverbal 
conservation*® 

Ittwas foundthat* mathematics’ achievement. scores 
cannot*beepredicted with’ asshigh atdegree ‘of, confidence by 
using non-verbal conservation scores as by using verbal 
conservation scores. Mathematics achievement correlated 
Significantly with non-verbal conservation. However, this 
Ssugnwficanty correlation didinot remarntwhenetheweffeets of 
inteliligencetwere controltedi tors 

PtGas etherefore evident that verbal conservation 
scores weremfound® totbenstpériortorthe varaablesio£ intéella= 
gence and inon-verbal conservation testvs¢orestasvalpredictor 
oft hathematicsmachtevement@atetne grade*®onet level. tnintelli - 
gencet tesite-scotes andanon: conservation tscores®were also 
foundrtorbessignisitant! butyweretan teri oretoe verbal 
conservation Scores as! predictors’ of mathematics achievement. 

Theminpor tances ofvverbalaconservationestores™ as ta 


predictor of mathematics achievement is the focal point of 
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inp Jn catet-omsn rani samg efnont ithi svesitudy, a Iteevs.cimportant: to 
reniembier that: cin ethenmpires ent) situdy? athle ecconservatiorn ites t 
involved only the length concept. The findings showed 

that mathematics achievement can be predicted with a high 
degree of confidence on the basis of conservation of length. 
Perhaps by using a verbal conservation test involving a 
number of conservation tasks an even. more. accurate prediction 
of mathematics achievement can be made. 

the re wasmitoth img; ian the <findin gsivofitherpresent study 
to-indicate that the conservation tests used forthe purpose 
of predicting mathematics achievement should be long or 
exhaustive. The low correlation between the subtest.of non- 
conservation items and mathematics achievement may suggest 
thiat: ith us’ ts ubites:t. tbiewe Lumanatedniromeiutures conservation 
tes ts corPexhaps ctwo or ithteeietest itemsiconreach ccomcept.ibeing 
measured may:pirove) suffiic uenit. btiowevem,citherei was: ‘no 
exhaustive effortun the analysisisof the data tto find: support 
for thistheonvieetune: 

The> mean; ‘sicoxel ons thelmon-vemb al conservation test was 
Significantly higher than that on the verbal conservation 
tesit.t iU[hiscefimdin slappeamss tovibe; consiisitent with that of 
Buaume wGh95 IF ards Sawaidiat tGl 9.66) we Wet tthe scriiter ron nier a 
Gonsieaenrs sont hie) co bitariinsin g> ¢edsearvcemitan nvésicio re? conisa con siem 
vation test, then the non-verbal test will indicate a much 
greater number of conservers) than does the verbal conservation 


test chilhiissndees) nom, vwhoweve nf suppontitan seadcgumenticfhor the use 
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of a, non-verbad. conservation test asia predictor of 
mathematics achievement. It was earlier reported that 
there was no significant correlation between non-verbal 
conservation and mathematics achievement when the effects 
Ofs inteddiagencelwe rejicontroldeidssror. 
thas «doese no trisupgesite thiat ta) nonrvemba Irtconséervaitizon 
Gessty icane Served ittihe yom nospurpose. »# Anmeonrwerbadeitechnigue 
has an important place in gauging conservation. It may be 
lusecdipasisa (di aignos tiiciiwdenices jromdeticets ttheapresence dif 
concepts An»,young children’ ate:anyearlien age) than, the 
wemba li itechnaque-.of measunainyg length) .conservatiom. wdhe 
subjects' responses on such a non-verbal test may jindicate 
siome}, (benesdt ijcd aly actinartivess ingwhiichisa zhi dye ly ft enga ver cho 
auditim, theretnanssxtuom chromora, conserves: on, akmonrawierbal test 
£O: cae Gonserver Ons ar venbadh thes tugy Varieds experuencesf with 
concrete materials might well be one such area to be 
cons ideted sinoypmomidd nef ac tbaamiteres? corran di an; thisyytransiption. 
thie gkamid inestiteithas yatiudy andicated that if she 
Gh ighds wenes cc los sa fared sas <agrconservemjcon @-mon-weinb ad. 
conservation test it-did not mean that: he could verbalize 
about the concept whichriwas) beang, meaSured.. On the: other 
hand, many of the subjects who: were classified as non- 
consemvers on atheswerbalacconsemvationm tésitt becausesiof; their 
Inaba istyo lod verbadaw ec mayydmawes beens classadé bedtjase.conserenrs 
on a non-verbal conservation test. If-instruction: to grade 


one children and the method of measuring mathematics 
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achievement remains to a very large degree in a verbal 
Gonlsesct: & tli sp undike lye thats aonontwembalriconservation test 
will serve as a good predictor of mathematics achievement. 

A Verbal actor Seened tolpenrmeaire: thes findings of 
the present study. The non-verbal techniques enabled more 
chiidremtot express the inv vabasla ty, towmconserve than did ‘the 
verbal technique. It was noted that a semantic problem may 
have been present in terms on the verbal conservation test 
(Appendix C) involving out-plane transformations. It was 
dppatene arom the cubjects Waresponses, that they equated 
womds, Viiike, whagher., tal ler ean Se lange atoljtie sword 
mloircer.. (ehiddnren tat. the: srade “one: level often show 
difficulty in understanding questions and instructions from 
adults a iherr verbalization , conten not “an vaccurate 
desChiptLonrOb their ChouUshits "aiayesindied temalack got 
knowledge or misunderstanding. 

Ines sp VOMINe Cem Osr rain VOLO ae aGeor 15* not Surprising. 
Ato presen MCs > lis eructs On winch ea rorade sone! pupil lemecerves 
iripresented inva verbal feontext..P When aecheck vis: made sto 
see itathe ichatidehass benend tea@arometiiat, Instruction pot. is 
Gtten an-exercise Tinwerbalizaeron., Paslunertotverbalize 
iwseoften equated. with failurente dearn, This apparent 
imperirance som sa, Verbal® factowisteces ts: thatyia deliberate 
effort should be made to provide experiences with manipulative 
materials which emphasize distinctions between.such words as 


‘ongen’s ;ealhart.”'hvoher farther’. and jnearer’). ff ta 
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firm basis is to be established for mathematics this 
emphasis on precise terminology is important. 

Thewaandingse Of asi piietcaitecOrne lation. between 
Seocedid Scores On tien veto al econsemvatcaonn tes t.1S 
consis tentewithethose@otemany prevaouses tudies.. 

McCarthy (1959) writes: 

Ones of thegmositpecousas tent fiadinos sto 

emerge from the mass of data’accumulated on 
language development in American white 
childrén ‘seems to be a slight: difference. in 
favour, ofasiris win nearlyfjall aspects tof 
Faneuagse that thave- beens tudieds(p 7/7). 

Karlin (1947) attributes the sex difference in speech 
development) tothe lateripsyehological and’ physiological 
development in boys. 

Phereawas NO; Sion uircantacerre lation found: between 
Sex and @mathematics achievement scores jand,seores on. the 
InteiMergence test, Jt may be that «the, verbal, factor inthe 
VelD ale GOnservatlon tes Gewaswoperatine tod greater extent 
Eiaeein wie, Other, Cestseiicntmoned. 

No effort was made: to investigate the relationship 
Detweenmatecy allay ChemOCle taV amid bilosme sOllcess UO cus: im, Cie 
Samp le were. int erade one witheanmace, range or seventy-four 
to mine ty-Lour Months ee iG Tseun likely (ohat any sioniticant 
correlations would have been revealed. There was no signi- 
ficant relationship between mathematics achievement. and 


SO0CLO-economi@ status. | Perhaps) this was in part due to the 


fairly homogeneous group which comprised the sample. Other 
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Studies (Reinier. Woe eCathcarti1909) (report.simi lar 


findings. 
TIl1. RECOMMENDATIONS FOR FURTHER RESEARCH 


This study*used only a Tength conservation test and a 
sample of grade one children. One recommendation for further 
research is ‘a istudy Using various ¢conservation tasks*in/both 
a verbal and a non-verbal context. The tests, both in the 
verbal and non-verbal form, might. be alternately administered 
to thevcomplete sample ‘ot thesstudys ~ This would: provide .a 
more, de taisved aa atere Gro petwmeasurine techniques of 
Conservation. Concepts. 

A second recommendation for further research is the 
development of a non-verbal instrument to measure mathe- 
Watics: achievement. This non-verbal ansitrument might. then 
De; used to sinves tigate =the relattonship ybetween mathematics 
achievement and-non-verbal conservation. 

iheeverbalization ‘aspect sseems €O De prominent an 
Many “studies involving "conservation. “A third recommendation 
For furtier "research isan anvyestroation winto language 
comprehension in relation to mathematics achievement. 

This may help to provide information on the meaning which 
children attach to verbalization in mathematics at the grade 


one level. 
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